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ELASTICITY  CHARACTERISTICS  OF  MATERIALS 

AT  HIGH  TEMPERATURE. 

Yu.  A.  Kashtalyan. 

In  the  book  ate  descriled  the  experimental  procedures  of 
determining  elasticity  characteristics  (Yoacg'e  modulus,  shear 
mcdulcs,  Poisson  ratio)  of  materials  at  high  temperatures* 

Are  examined  construction/desigus  and  operating  principle  of 
devices  which  make  it  possible  to  measure  the  characteristics 
indicated  to  temperature  cf  3000°  I.  Are  giten  the  new  data  on 
elasticity  characteristics  cf  refractory  metals  (»,  Ho,  Nb,  Ta) , of 
alloys  on  their  basis,  different  refractory  compounds,  and  also 
Fyrocerams  and  ferrcglass  materials  at  normal  and  high  temperatures. 

It  is  designed  for  scientific  ana  techrica 1-engineering  workers, 
instructors,  graduate  students  and  students  cf  10Z  [ Institute  of 
Bigher  Education]. 
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HI  E PACE. 


In  the  development  of  the  majority  of  tte  tranches  cf  new 
technology,  considerable  rcle  telorgs  to  the  materials  which  can 
reliably  function  at  high  tempe cat  tees.  Such  naterials  are  especially 
recessary  for  the  creation  cf  the  new  types  of  nnclear  reactors,  of 
rocket  engines,  generators  cf  direct  transf crnation  of  thernal  energy 
into  electrical,  the  settings  up  of  chenical  industry  and 
metallurgical  equipment.  Operating  temperatures,  which  reach  in  soae 
of  the  aentioned  devices  3000-3500°  h,  subsequently  will  be  raised, 
for  which  will  be  required  the  development  cf  the  new  types  of 
naterials. 

Since  the  conditions  of  wcrk  at  the  high  temperatures  in  each 
branch  of  technology  cocsiderably  dir ter,  tc  high-temperature 
■aterials  are  presented  the  most  diverse  requirements.  These 
requirements  they  can  satisfy  aetallxc  and  ccnmetallic  naterials.  The 
correct  selection  of  natecial  for  the  appropriate  conditipns  of  work 
caq  be  made  only  in  suet  a case,  wten  will  be  accurately  known  its 
physiccmechanical  properties  over  i wide  range  cf  temperatures.  The 
need  for  the  definition  cf  the  values,  which  characterize  these 
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properties,  appears  both  daring  the  development  of  new  high-aelting 
■aterials  and  during  an  iaproveaent  in  the  gualities  already  known. 

A nuaber  of  aost  iapcrtant  ph jsicoaechanical  properties  includes 
the  elasticity  of  aaterial,  which  deteraines  ic  essence  according  to 
the  values  of  Young's  acdulus,  aodalus  of  shear  and  Poisson  ratio. 

These  values,  which  obtained  also  the  naae  cf  elasticity 
characteristics,  are  utilized  during  theoretical  and  ezperiaental 
studies  and  enter  in  all  calculations  for  strength,  rigidity  and  heat 
resistance  of  the  eleaects  cf  ccos t ructron/designs.  If  are  known  the 
values  of  elasticity  characteristics  of  aaterial,  then  on  thea  can  be 
designed  and  its  other  (hysicai  characteristics:  the  characteristic 
teaperature,  coot- mean- square  atoaic  dxsplaceiert  in  the  anits  of 
crystal  lattice,  etc. 

The  values  of  the  icduli  of  elasticity  of  high-aelting  aaterials 
at  teaperatures  to  2500-3000°  k,  whicn  tor  scae  aaterials  are 
workers,  they  were  not  known,  since  were  net  developed  the 
corresponding  aethods  acd  settings  op  tor  their  deteraination. 

Page  4. 

This  aonograph  is  dedicated  to  the  analysis  of  elasticity 
characteristics  of  high-aelting  aaterials  at  high  teaperatures.  In  it 
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at«  briefly  presented  tie  basic  information  atcot  elasticity 
characteristics  of  the  material:  Young's  modules,  aodulus  of  shear 
and  Poisson  ratio  are  examined  the  existing  aetbcds  of  their 
determination  at  high  temperatures.  Are  given  the  detailed 
descriptions  of  the  developed  in  Institute  problems  of  the  strength 
cf  AS  OkSSR  of  special  procedures  ana  corr espcnding  settings  up  for 
■ensuring  Young's  nodules  and  shift/shear  cf  naterials  in  the  range 
from  rcon  temperature  tc  3CG0°  K.  The  data,  obtained  duriog  these 
settings  up,  give  the  possibility  calculation  tc  determine  the  value 
cf  Poisson  ratio.  Together  kith  the  description  of  procedures  and 
settings  up,  in  nomograph  are  given  the  experimental  data  on 
elasticity  characteristics  at  the  high  tenpcratcres  of  the  refractory 
netals  of  "large  tetrad"  - tungsten,  moxybdenum,  niobium,  tantalum, 
their  alloys  and  a series  of  refractory  compounds,  and  also  of  some 
Fyrocerams,  glasses  and  metal-glass  materials. 
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Chapter  I. 


GENERAL  INFORMATION  ABO  IT  ELASTICITY  CHAR  AC1 EG 1STICS  OF  HIGH-MELTING 
MATERIALS. 


For  Manufacturing  the  parts  of  different  aachines  and 
apparatuses,  that  vork  at  high  tea yerature s , are  utilized  the 
refractory  aetals  and  alloys,  refractory  ccapounds,  graphite, 
vitreo-crystalline  and  aetal-glass  Materials.  Tte  Materials  indicated 
in  the  Majority  of  the  cases  are  polycryst allinc  o»es  and  their 
elastic  behavior  is  detcraited  by  distauce/reic val,  approach  or 
shift/sheat  of  atons.  Although  the  elastic  yrcperties  of  separate 
crystal  depend  on  the  direction  of  crystal  laces,  in  the 
polycrystalliqe  body,  vtich  consists  of  the  disorderly 
arranged/1  coated  crystallites,  they  do  not  depend  on  direction. 
Therefore  polycrystallice  bodies  it  is  accented  to  consider 
isotropic. 

The  elastic  behavior  of  any  isotropic  tody  is  characterized  by 
elastic  Modulus  E (Young's  acdulus),  by  Modulus  of  shear  0,  by  bulk 
Modulus  K (bulk  Modulus)  aqd  by  Poisson  ratio  p.  Froa  eleaentary 
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Hooke's  law  for  strains  in  elastic  region,  it  fellows  that  values  E, 
<*t  K show  proportionality  between  voltages  and  tensile  strain, 
displaceaent  and  cubic  coapression  : 

-o—fe;  . , * J ’ m 

T»try;  t - . »,  • v * j2) 

^ W -•  * - * «.  ..  H * 

while  coefficient  p characterizes  a change  in  the  voluae  of  body 
during  strain.  These  values  are  connected  ly  tie  relationship/ratios 

...  w 


3(1 -Sji)* 
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Characterizing  the  elastic  behavior  of  polycrystalline  body,  the 
aoduli  of  elasticity  thereby  determine  the  strength  cf  interatoaic 
cciauqication/connectiojs  in  crystal  lattice;  therefore  ia  terns  of 
their  values  can  be  estiaated  and  other  physical  quantities:  heat  of 
subliaation,  aelting  point,  enthalpy,  energy  cf  the  activation  of 
diffusion  and  self -dif f csicn,  stancara  deviation  of  atons  fron 
position  of  eguilibriua,  characteristic  tenperature,  coefficient  of 
liqear  expansion,  etc.  for  ecne  of  tnese  valsee,  are 
establish/installed  the  nuacrical  ratios,  therefore,  they  can  be 
calculated  in  the  value  cf  the  nodulus  of  elasticity,  and  vice  versa. 
This  can  prove  to  be  useful,  when  tc  directly  icasure  the  nodulus  of 
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elasticity  is  difficult,  fct  example,  at  the  very  high  temperatures, 
close  to  aelting  points. 

Between  the  coefficient  of  linear  expansion  and  the  aodulus  of 
elasticity  is  established  following  uependecce  [65]: 


where  H„  - equilibrium  interatoaic  distance;  k - Boltzaann  constant. 

Especially  frequently  utilize  values  cf  the  aoduli  of  elasticity 
for  calculating  such  values  as  characteristic  Ecbye  temperature  [64]: 

Q,_  1,68- 10  \r~E 

e <7' 

(d  - density,  A - atomic  weight)  and  the  standard  deviation  of  atoms 
free  position  of  equilibrium: 


m „ e- 

u = j — — - for  T < — ; 


77,  1.52  10-®r 


for  r>i,6e' 


(V  - atonic  volume,  J?»). 


For  intermediate  tenpe rat ures  6^8  < T < 1.6G'  value  0*  can  be 
determined  fron  Jtebyp.-  Veler's  precise  rel  a t ic  ns  hip/rat io. 

The  module/moduli  cf  elasticity  as  other  physical  quantities 
which  are  deternined  by  the  strength  of  iqteratcmic 

ccmmunication/connectiors,  depend  co  the  position  of  cell/eleient  in 
periodic  systen. 
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Cn  Fig.  1 and  2 shown  altercation  in  tne  mcdule/modulus  of  normal 
elasticity  and  shear  modulus  in  dependence  cn  the  atomic  number  of 
cell/element  [52].  There  is  no  complete  agreement  here  all  the  sane 
since  the  maximum  value  cf  Yeung's  noauius  is  observed  not  in  the 
tungsten,  which  has  the  highest  melting  point,  tut  in  osmium.  The 
high  values  of  the  moduli  of  elasticity  nave  transition  metals, 
especially  those  whose  melting  point  reaches  3000°  K and  are  above 
osmium,  rhenium,  tungsten. 


Since  the  moduli  of  elasticity  of  material  reflect  the  strength 
of  its  interatomic  commccication/cc nnectio ns,  ic  perfect  crystal  they 
could  serve  as  the  indices  cf  its  strength  - the  stronger  interatomic 
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cciiuaicdtion/connectiocs,  ky  the  1 act  sore  high  voltage  *ust  be 
applied  in  order  to  break  the*.  The  rear  strength  of  crystals  and 
polycrystalliqe  Materials  is  such  lever  than  the  theoretical, 
determined  by  interaioaic  cc*a unic ation/connect ions,  which  is 
explained  by  the  presence  cf  a large  quantity  of  flaw/defects 
(dislocation,  grain  boutcary  and  i cterstihial  atcas)  . Effect  of  these 
flaw/defects  on  the  elastic  properties  of  Materials  not  as 
considerable  as  on  plastic  cnes.  Per  real  Materials  there  are  no 
precise  relationship/ratios  between  sodule/f odu li  of  elasticity, 
ultiaate  strength  and  haidness,  althougn  certain  correlation  is 
observed. 


DQC  = 78153701  PICE  , 

/O 


Fig-  1-  Fig.  2 . 

Fig.  1.  Change  of  Young's  icdulus  cf  transition  net a Is  in  dependence 
co  their  position  in  periodic  systen. 

Key:  (1).  H/n *.  (2).  Group. 

Fig.  2.  Change  of  nodules  of  shear  ci  transition  netals  in  dependence 
cn  their  position  in  periodic  systen. 

Key:  (1).  H/n*.  (2).  Group. 

Page  8. 

Xhe  nodulus  of  elasticity,  siailar  to  ether  physical  quantities. 
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is  changed  their  value  under  the  influence  ci  different  fields  on 
solid  (aes hanical,  temperature,  magnetic,  electrical,  etc.),  if  this 
effect  affects  binding  forces  between  atoas. 

Teaperature  exerts  the  strongest  influence  on  the  aoduli  of 
elasticity,  since  its  increase  causes  an  increase  in  the  fluctuations 
of  atoas  around  positior  of  eguilibriua  and  an  increase  ia  the 
distance  between  then.  It  is  considered  that  nith  an  increase  in  the 
teaperature  fcy  one  degree  the  value  of  nod u Je/scduli  is  decreased  by 
0.  0 3o/c  [36]. 

During  the  evaluation  of  the  eftect  of  the  field  of  aechanical 
forces,  it  is  necessary  to  take  into  consideration,  what  expressions 
describe  the  prccess  of  deforaation  of  ideal  elastic  body. 

The  aechanical  analog  of  this  body  can  ue  represented  in  the  fora  of 
spring.  Real  solids  with  low  vcltages  develop  inelasticity,  i.e., 
daring  their  deforaatior  is  observed  the  delay  of  strain  on  phase 
fraa  voltage.  Graphically  this  is  shown  on  Fig.  3. 

The  delay  of  strain  frea  the  loitage  in  real  solid  is  caused  by 
the  processes  which  can  have  different  nature.  So,  if  solid  is 
deforaed  under  adiabatic  cctditions,  its  teaperature  slightly 
changes:  with  elongation  it  is  depressed,  and  daring  compression  it 
grew/cises  (Fig.  • ) . During  the  instantaneous  apFlicat ion/appendix  of 
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tensile  stress  a , the  s peciaen/saaple  is  deicracd  to  valae  to  and  its 
teaperature  is  depressed.  At  this  aoaent  its  nodulas  of  elasticity  is 
defined  by  the  tangent  cf  atgle  a ana  as  qe-relaxed,  or  as  it  still 
are  called,  adiabatic.  In  certain  tine  the  tenperature  of 
speciaen/saaple  will  be  egualed  with  the  teaperature  of  surrounding 
■ediua  and  speciaen/saaple  kill  be  lengthened  tc  value  AB. 


I 


■ jfi 


-Z 
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Fig.  3.  Dependence  of  stress  (a)  and  of  strain  (b)  f to ■ tine  for 
relaxation  process. 


Fig.  4.  Schenatic  of  thermal  relaxation. 
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Non  its  aodulas  of  elasticity,  determined  fcy  the  tangent  of  angle  0, 
will  be  that  relaxed,  or  "by  isothermal",  ty  ncdule/nodulus. 


The  differencee  betveec  these  noduxe/ncdul  i snail  and  is 
deternined  fron  the  expression 


(10> 


where  a - a coefficient  cf  linear  expansion;  T - absolute 
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teaperature;  p - s pecinen/saaple  density;  Cp  - specific  heat  capacity 
at  constant  pressure. 


For  describing  the  inelastic  hehav iar  cf  ictals,  aost  frequently 
is  utilized  the  aechanical  analog  tclid  K.  Zerer  [IS],  the 
so-called  standard  linear  solid  (Fig.  5).  Stcess  and  strain  of  this 
body  are  connected  by  the  r elation £ hr p/c at ic 

o + t,  a ■■  Mp  («  + *.*). 

ahere  T*  - tine  of  relaiaticn  cf  stress  under  the  condition  of 
constant  strain;  t,  - tine  cf  retardation,  i.e.j  the  value,  which 
characterises  the  rate  cf  an  increase  in  the  strain  with  aonstant 
stcess;  Mp  - relaxed  noculvs  of  elasticity. 


The  nodule/aodulus  which  establishes  ccnaurication/cpnnection 
between  the  stress  and  the  strain  wqaer  conditions  when  relaxation 
does  not  nanage  to  occur,  i.e.,  nef relaxed,  it  is  designated  through 
Mh-  Tad.  ue 

— — (12) 


is  called  the  flaw/defect  cf  nodule/aodulus.  The  degree  of  relaxation 
cf  nodule/aodulus  is  deterained  by  tne  expression 

A - ~ • (13) 
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So  Betsies  this  value  is  alsc  called  tne  flaw/deiect  of 
■odule/aodulus. 

During  repeated  detonation  tie  aouu le/ acdulus  will  be  unrelaxed 
in  such  a case,  when  the  tiae  between  separate  cycles  is  saall  so 
that  would  occur  the  additional  steam,  Relaxed  mod ule/aod ulus  will 
be  when  the  tiie  between  separate  cycles  is  greater  than  relaxation 
tine. 


It  is  iaportant  to  establish/instali  ccasurication/connection 
between  the  stress  and  the  strain  in  the  standard  linear  body  when 
those  values  periodically  change  in  tiae.  fer  this,  the  stress  and 
strain  represent  as  the  periodic  functions  c£  tiae  and  substitute  in 
egaatien  (11). 
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fig.  5.  The  aechanical  analog  of  standard  linear  solid. 
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For  fluctuations  with  angular  frequency  u,  we  have 

o (/)  » 3^-'  ;*(/)-  (14) 

After  the  substitution  cf  expression  (1**)  into  equation  (11)  we 
obtain 


« (i + )•*,)  = M„t(l  +»•*.)•  (,5> 


Froe  equation  (15)  it  follows  that  between  the  relaxed  and 


lie-relaxed  aodule/aodulcs  there  is  tne  dependence 


(«»-*•  °°)  = % 
(«■  -*  oo)  t 


(16) 


Coaaunicat ioa/connecticn  between  the  stress  and  the  strain  is 
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establish/installed  by  equation  (15)  aeans  cf  the  aodu le/aodulus, 
which  represents  the  covplex  quantity: 

1 + lux. 


Value 


1 + /®t. 


1 + /art,  9 


(17) 


(18) 


is  called  the  complex  modulus  of  elasticity.  Curing  repeated 
deforaatioo  this  apdule/iodulus  deteraines  net  cply  absolute  the 
value  of  strain,  but  also  its  displacement  in  tine  with  respect  to 
stress.  The  phase  angle  between  the  stress  and  the  strain  is 
deterained  by  the  dissipation  cf  energy  during  fluctuations.  The 
tangent  of  this  angle  is  eqcal  to  the  ratic/relation  of  the  imaginary 
aad  real  part?  of  the  ccaplcx  sedu  le/aodulus 


/(**)_  

R(M*) 


(19) 


tiae 


If  we  introduce  the  geometric  aean  of  two  values  of  relaxation 
r and  geoaetiic  lean  of  two  aodule/acduli  "S'  = then 


M 1+.*t** 


(20) 


As  the  aeasure  of  the  ratio  of  stress  tc  strain,  are  accepted 
the  absolute  value  of  the  ccaplex  aodule/aodalus  N*  or  its  real  part 


Expressions  for  dynaiic  Modulus  (22)  and  tangent  of  the  phase 

angle  between  the  stress  and  strain  (20)  arc  the  syanetrical 

functions  of  product  «r.  Analyzing  these  egressions,  we  find:  at  the 

high  frequencies  when  fl^tg  **0;  at  the  low  frequencies  when 

«*0|  tg  e-H);  when  ur  = 1,  when  the  dissipation  of  energy  is 

■axiaaa,  Af,  = Mp  % i change  in  values  tg  4 and  in  dependence  on 
* 

value  ur  is  shown  on  Pig.  6. 

The  dissipation  of  energy  is  causeu  by  different  processes, 
which  cccuz  within  solid,  aach  process  having  cily  in  it  the  which  is 
inherent  relaxation  tine.  This  leads  to  the  fact  that  during  a change 
ia  the  frequency  w the  dissipation  of  energy  ca  separate  frequencies 
reaches  aaxiaua  values.  The  dependence  of  the  dissipation  of  energy 
cn  the  frequency  of  loading  was  called  relaxaticn  spectrua  (Pig.  7). 


DOC  * 78153701 


P 1G  E 


1 


'1 


Kith  an  increase  in  the  frequency,  the  value  of  the  peaks  of  the 
spcctrua  is  decreased,  therefore,  the  relaiation  of  the  nodulus  of 
elasticity  Hill  be  less. 


She  relaxation  tine  of  the  processes,  connected  with  the 
displaceaent  of  atens,  depends  cn  the  teapeiatcre: 

H 

*-*,«**.  (23) 


where  H - an  energy  of  the  activation  or  this  relaxation  process;  R - 
universal  gas  constant;  T - absolute  teaperature. 


According  to  foraula  (23)  the  teaperature  has  strong  effect  on 
relaxation  tiae;  with  ircrease  its  relaxation  tine  is  decreased  and 
the  peaks  of  relaxation  spcctrua  are  aisaligned  into  the  region  of 
■ore  high  frequencies. 


I 


1 
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fig.  6.  Dependence  of  the  dispersicn/d xssipatic  n of  energy  (1)  and  of 
dynaaic  aodulas  (2)  on  frequency. 

Cage  12. 

Consequently  in  order  tc  obtain  its  values  cf  dynaaic  sodslus  at  high 
teaperatur es,  close  to  that  ne-relaxed,  aaameient  under  these 
conditions  it  should  be  carried  out  at  aore  possible  high 
frequencies. 

As  an  exaaple  Fig.  8 gives  the  curves  cf  the  dependences  of  the 
aodulns  of  shear  of  single-crystal  and  polycrystalline  alsainua  on 
the  teaper ature,  obtained  at  frequency  0.8  tx  [18].  Relaxation  of  the 
aodnlus  of  shear  of  polycrystalline  speciae r/sa aple,  occurring  at 
teaperatures  are  higher  than  470°  K and  are  achieved  several  ten 
percent,  it  is  caused  by  viscous  flow  ou  gxein  toundaries. 


1 
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lt  should  be  noted  that  at  the  hrgh  temperatures  in  material  can 
cccur  the  irreversible  processes,  which  affect  the  ne-relaxed 

!aodule/mod ulus  and  the  flaw/defect  or  modu le/mcdulus.  This  always 
■nst  be  born  in  mind  during  the  analysis  of  the  teaperature 
dependences  of  the  aoduli  of  elasticity. 


i 


There  is  large  interest  in  the  explanation  of  a question 
concerning  effect  composition  and  {orosrty  cq  the  aoduli  of 
elasticity  of  real  aaterials.  The  foreign  atcas  which  can  hit  crystal 
lattice,  they  change  strength  cf  irteratoaic 

ccmmuaicdt ion/connections,  which  causes  an  increase  or  the  decrease 
cf  aodule/aoduli.  However,  constant  additions  dc  not  have  great 
effect  on  the  aoduli  of  elasticity,  since  even  with  their 
considerable  quantity  tie  atsclute  values  cf  aodule/aoduli  change  in 
all  op  several  percentages.  So,  Young's  modulus  the  vajority  of 
steels,  which  have  different  composition,  is  equal  to  220  H/a*. 


fig.  7.  The  relaxation  spectrum  of  metals  at  293°  K.  The  dissipation 
cf  energy  is  caused:  I - by  presence  of  the  pairs  of  atoas  with 
different  atomic  radii;  II  - by  viscous  flew  cn  grain  boundaries;  III 
- by  viscous  flow  in  the  "aaorphous"  regions,  introduced  by  plastic 
deforaation  (slip  band)  ; IV  - by  diffusion  cf  interstitial  atoas;  y - 
by  transverse  theraal  conductivity  with  the  bend  of  speciaen/saaple; 
VI  - by  intercrystalline  theraal  cc^uuctiv ity . 

Eage  13. 


Froa  a quantity  of  pores  in  aaterral,  depend  its  elasticity 
characteristics.  The  majorities  of  hj.gh-aelting  aaterials  obtain  at 
preseqt  by  the  aethods  cf  powder  metallurgy.  Ey  these  aethods  it  is 
difficult  to  aanufacturc  articles  aade  of  refractory  aetals,  but  that 
it  is  more  of  the  refractory  ccapounus,  in  ccapact  (nonporous)  state. 
Usually  refractory  aetals  (tungsten,  etc.)  tiave  residual  porosity  not 
lpwer  than  2-3o/o,  and  refractory  compounds  - are  not  lower  than 
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In  industry  is  utilized  a series  or  articles  (oilless  bearings, 
filters,  etc.),  which  pcssess  special  properties  only  because  of 
porosity.  The  data  on  high-xelting  aaterials,  the  given  without 
indication  porosities,  cannct  have  practical  ap p lication/nse.  Por 
nany  refractory  coapounds  tlere  is  no  infoitaticn  about  elasticity 
characteristics  of  aaterial  in  compact  state.  Values  E , G and  m of 
these  naterials  with  zero  pcrosity  can  be  cltained  only  via 
extrapclat ion. 

The  effect  of  porosity  on  elasticity  characteristics  of 
■aterials  was  studied  theoretically  and  experimentally  by  nany 
researchers.  Theoretically  this  question  stidied  Mackenzie  [84], 

Gatto  [75],  H.  Tu.  Bal'shin  [4]  and  V.  V.  Skorckhod  [55]  (for  a 
polyphase  aixture)  . 

Mackenzie  proposed  for  Young's  aodulus  of  poriferous  bodies  this 
expression : 

: <*> 

where  P - a porosity;  A - ccnstant,  ueterained  experimentally;  E and 
Ea  * aodulus  of  elasticity  cf  respectively  poriferous  and  coapact 
body.  In  expression  C24),  it  is  assuaed  that  tic  Poisson  ratio  does 

depend  on  porosity. 
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Fig.  8.  The  curves  of  tbe  dependences  oi  shear  nodulus  for 
single-crystal  (1)  and  pclycrystal line  (2)  aluaiiua  on  thfe 
tenperature  (along  the  aais  of  ordinates  is  plotted  the  square  of 
frequency,  which  is  proportional  tc  shear  icdulas) . 
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V.  V.  Skorokhod  proposed  aore  general  formulas  for  detereining 


the  eoduli  of  elasticit)  of  polyphase  systems: 

V3K  + 4C.K,  . 

of  3K|  + 4C  K . 
y 5(3K  + 40)0,P,  \ , 

of  (9K  -I-  8G)  G + 60,  (/C  + 20) 


(25) 

(26) 


where  K - a bulk  eodulus;  index  i is  related  tc  the  properties  of 


phases. 


Young's  eodulus  cat  be  determined  according  to  the  known 


expression 


£GC  ■=  781537Q1 


PICE 


9 KG 
3 K + G' 


(27) 


Exper inental  investigations  on  oxide  cf  aluninun  carried  out  by 
Coble  and  Kingery  [74].  The  obtained  by  ttaei  experimental  dependences 
of  elasticity  characteristics  cn  perosity  satis f actorily  coincide 
with  Hackeniuie's  theoretical  dependences.  Ibe  satisfactory  agreeeent 
of  experinental  data  with  tie  results  oi  calculation  according  to 
expression  (24)  obtained  by  Sh.  8.  PI y a 1 1 , Yu.  a.  Rappoport  and  Ye. 

G.  Chofnus  [49]  also  on  oxide  cf  aluninun.  for  calculating  of  Young's 
nodulus  abrasive-c eranic  aaterials,  they  preposed  this  expression, 
after  assuning  p rtzO.  3: 

£ = 1 — 1,91  P+  AP*.  ’ (28) 

£o 

Value  IP2  can  be  disregarded,  if  P < O.b. 


Figures  9 shoes  a change  cf  Yeung's  acdul/us  in  dependence  on 
porosity  P in  specinen/sanp les  nade  oi  restore  d/reduced  and 
electrolytic  iron.  Extrapolation  of  the  values  cf  Young's  nodulus  of 
this  iron  for  zero  porosity  dill  give  value  cf  I,  equal  approxieately 
tc  Young's  nodulus  of  cast  iron.  Data  will  agree  well  with 
/W*-e--ldan  «s  enpirical  expression 


£ 

£ 


(1  -/>)«, 


(29) 
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where  i - an  eapirical  coefficient. 


A.  B.  Lyashchenko,  P.  1.  Nelnichuk  and  I.  U.  Prantsewich  [35] 
investigated  the  influence  cf  porosity  on  Tcung*s  eodulus  of 
different  refractory  coapcurds  (Pig.  10).  Tc  account  for  the  effect 
cf  porosity  on  Young's  sodulus  for  refractory  ccnpounds  TiBz , TiSi2, 
RoSiz«  No, Si,  and  also  ZrSi2,  VC,  Tic,  w2C  you  suggested  the 
expression 


£ 


(30) 


while  to  Young's  nodulus  cf  nonporous  body 


where 


ex  press ion 

(31) 

(32) 


a and  at  - eapirical  coefficients  whose  values  are  different  in 
different  coapounds. 
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In  the  aajority  of  werks,  indicated  ateve  was  studied  the  effect 
of  porosity  on  Young's  icdulus,  anc  about  tie  effect  of  porosity  on 
aoduLus  of  shear  and  Poissoc  ratio,  were  aade  c|ly  different 
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assumptions.  I investigated  the  influence  cf  pcrcsity  on  aodulus  of 
shear  and  Poisson  ratio  [3].  Experiments  were  conducted  in 
speciaen/saaples  nade  cf  porifeioas  iron.  S peciaen/samples  aade  of 
the  iron  ponder  of  the  mark/brand  cf  APibNl  with  a diameter  of  8 mm 
aad  length  of  100  mm  mere  sintered  at  temperature  of  1420°  K for 
three  hours  in  the  medium  of  hydrogen. 


Young's  aodulus  and  displacement  uere  determined  simultaneously 
ia  each  speciaen/saaple  in  the  resonance  frequencies  of  the 
transverse  and  torsional  cscillatices  (in  detail  this  procedure  was 
described  in  Chapter  II).  Pcisscn  ratio  mas  calculated  according  to 
dependence  (4).  The  obtained  experimental  data  cs  the  influence  of 
potesity  on  elasticity  characteristics  of  iron  are  shown  on  Pig.  9, 
where  each  point  is  obtained  via  tie  averaging  cf  the  resalts  of 
measurement  E and  G in  five  speciaen/saaples. 


Kith  an  increase  in  the  perosity  or  Pcisson's  speciaen/sanples, 
it  is  decreased,  moreover  tie  character  of  its  change  in  the  sane 
bamic  as  in  the  nodule/icduli  cf  tie  first  and  second  kind.  Thus, 
assumptions  about  the  equality  of  Poisson  ratio  of  poriferous  and 
compact  material  are  faclty  ones.  Extrapolation  of  the  obtained 
values  of  Poisson  ratio  for  zero  perosity  gives  \t  xg  0.27,  which 
corresponds  to  literature  data. 


Jig.  9.  Fxg.  10. 

Fig.  9.  Influence  «jf  porosity  on  elasticity  characteristics  of  iron. 
1onng*s  aodulus  E:  1 - cor  data:  2,  3 - O.  1.  Cfcekhoia's  data  [69];  4 
* HcAdaa's  data  [83].  Hcdolts  of  shear  i»  (5)  and  Poisson  ratio  p (6) 

- our  data. 

Key:  [1).  H/a*. 


fig.  10.  influence  of  pcrosity  cn  Toung's  acdults  of  refractory 
coapounds:  1 - TiB2;  2 - BoSi2;  3 - XiSi2;  4 - Ro5Si. 

Key:  (1).  a/m*. 
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Chapter  II. 

METHODS  OF  DETERMINING  THE  MODULI  CF  ELASTIC ITU  OF  MATERIALS  AT  HIGH 
1EHPE NATURES. 

1.  Static  Method. 

Kith  the  static  method  of  det ernxnrng  the  moduli  of  elasticity 
the  specimen/sample  of  material  is  subjected  the  effect  of  static 
load,  is  Measured  its  deformations,  and  then  is  designed  Young's 
icdulus  frcM  the  relaticnship/rat ic  between  thei.  At  high 
tenperatures  for  Measuring  Young's  Modulus  cf  Material  by  this  Method 
are  utilized  Most  frequently  the  s pecinen/saaples  in  the  foru  of 
tars.  Spec inen/sauple  is  subjected  bend  in  such  a way  that  the  load 
affects  on  its  Middle  part  at  cne  cr  two  points  [26]  (Fig.  11). 
Sagging/deflection  is  Measured  halfway  specinen/saaple . Young's 
updulus  can  be  calculated  according  to  these  expressions: 


if  load  is  applied  at  cne  point. 
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pi * 


48/y’ 


if  load  is  applied  at  two  points. 


£-J^-(4a’-3/*). 
24 /y 


(33) 


(34) 


where  I * noaent  of  inertia;  y - sagging/deflection  halfway  of 
speciaen/saaple . 


Expressions  (33)  ard  (34)  are  valid  only  fcr  specimen /samples  in 
which  the  ratio  of  length  tc  thickness  egual  tc  10.  For  shorter 
speciaen/saaples  it  is  cecessary  tc  introduce  tfce  appropriate 
correction  s. 


The  load  application  cn  specimen/sample  can  be  carried  out 
pressing  or  pulling  rod.  Lead  on  s [ eci  men/ samp le  affects  through 
prisas  from  refractory  materials:  tungsten,  carbide  cf  silicon,  oxide 
of  aluainua.  The  saggin^/deflectiops  of  speciaen/saaple  are  measured 
tj  indicator  by  the  means  ot  reds  from  sapphire  or  vitreosil. 

Page  17. 

Sometimes  sagging/deflection  is  measured  net  cely  halfway,  but  also 
at  the  ends  of  the  speciaen/saaple  in  order  to  consider  the  thermal 
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expansion  and  other  factors,  calling  zero  drift.  For  obtaining  the 
unifora  results  loading  they  conduct  wita  tie  speed  within  Units  of 
35-140  N/nn*«nin.  The  icstellaticn  dragraa  tor  icasuring  Young's 
acdulus  £26]  is  given  tc  Fig.  12. 

The  d eteraination  cf  shear  modulus  ay  static  aethod  at  high 
tenperatures  is  produced  in  cylindrical  speciaeg/saaples. 

Speciaen/s aaple  is  subjected  torsicn  and  is  aeasured  angle  of  twist. 
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Fig.  11.  The  schematics  cf  the  loading  of  sped aen/sai pie  daring  the 
deterainat ion  of  Young's  modulus  by  the  static  aethod:  a,  b)  - load 
is  applied  at  one  point;  c , d,  e)  - load  is  applied  at  two  points. 


Fig.  12.  Installation  fee  determining  Young's  acdulus  by  static 
aethod  at  high  teaperat  ires. 
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Mhare  n - the  torsional  moment;  \f  d - length  acd  diameter  of  the 
aetkiqg  part  of  the  speciaen/saaple ; 8 - angle  cf  twist. 

in  installations  fee  deteraining  tne  acdulus  of  shear  [26]  (Fig. 
13>  are  applied  the  aassive  grip/captures  acd  ether  devices,  in  order 
to  avoid  eaergence  in  tic  s peciaen/$aapre  cl  lending  stresses. 

Since  the  relaxaticn  time  is  decreased  with  an  increase  in  the 
teaperature,  the  modulus  cf  elasticity,  determined  by  static  method, 
will  be  relaxed.  The  decree  of  the  relaxaticn  cf  the  aodulus  of 
elasticity  depends  to  a considerable  extent  on  specific  test 
conditions:  the  speed  of  loading,  accuracy/precision  of  the 
aaintaining  of  load  and  teaperature.  All  this  leads  to  the  large 
scatter  of  the  values  of  the  modules  or  elasticity.  Therefore  static 
aetlod  is  utilized  at  presert  rarely,  and  atasuieaents  conduct  by 
dynaaic  method. 


r 1 

I 

.3/ 


3 


Fig.  13.  The  installati.cn  diagrams  for  determining  the  shear  modulus 


Fig.  14.  Temperature  dependences  of  xouug's  modulus  of  Pyroceram, 
obtained  by  static  (dark  points)  and  dynamic  (bright  points)  methods 
cf  measurements. 


Key:  (1).  H/m*. 
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Figure  14  shows  the  temperature  dependences  of  the  Modulus  of 

! elasticity  of  glass  and  Pyrccetam,  cotainad  by  static  [51J  and 

dynamic  (our  data)  Methods.  To  temperature  cf  670°  K,  the  character 
cf  dependence  is  identical.  The  smell  disa c tee wents  cf  absolute 
values  are  caused,  obviously,  by  the  tact  that  were  undertaken 
glasses  of  different  boilings.  However,  at  temperature  it  is  higher 
than  670°  K value  of  Young's  modulus,  obtaired  by  static  Method, 
sharply  they  are  decreased,  and  the  scatter  of  points  increases. 

j 

2m<  Oyqaiic  Method. 

Kith  the  dynanic  method  of  determining  the  moduli  of  elasticity, 
cyclic  loads  are  applied  to  specinen/saaple  at  a high  speed,  so  that 
relaxation  processes  car  occur  cnly  at  very  high  temperatures.  The 
measurenent  of  tne  moduli  oi  elasticity  is  tased  on  what  the 
velocities  of  propagation  ic  solid  of  different  wave  nodes  are 
different  and  depend  on  elasticity  cnaracter ist ics. 
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deterained  the  degree  of  its  effect  oa  cue  course  of  other  phenoaena. 
Figure:  15  gives  the  frequency  hands  included  by  different  methods  of 
■easuring  the  aodule/aoduli  of  elasticity  [29],  In  pulse 
installations  {Fig.  16)  acst  frequently  is  ctilized  the  principle  of 
the  aeasureaept  of  the  tiae  of  (rofagation  cf  elastic 
disturbance/perturbatior.  In  test  specimen  are  sent  through  the 
specific  t iae  interval  the  acae ntu  i/iapulse/p ulses  of  high-frequency 
longitudinal  or  transverse  vibrations.  Directly  is  neasured  the 
transit  tiae  of  this  aoientta/iapulse/pulse  (the  "train"  of  waves) 
through  the  speciaen/sai  pie.  To  the  end/faces  of  speciaen/saaple  6# 
they  adhere  the  quartz  (lates  of  this  sect icn/slear  that  during  the 
supplying  on  them  of  the  voltage  ir  speciaec/sa aj le  would  appear 
longitudinal  or  shear  waves. 
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fig.  15.  Frequency  bands  included  ly  different  lethods  of  the 
•easureeents  of  the  aoduli  cf  elasticity.  1 - static;  II  - dynaaic; 
a),  the  torsion  pendulua;  b)  - the  csciliaticn  of  a red  and  plates;  c) 
- compound /composite  resonator- vibrators;  d)  - ultrasonic  waves. 

Key:  (1).  frequency  ♦ , per/s. 
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Plata  7 is  vibration  eiciter,  while  plate  5 - receiver.  The 
cutput/yield  of  HF  generator  1 is  coutrollec  ty  the  generator  of  the 
pulse  repetition  frequeccy  2,  which  converts  ccrtinucus  wave  into  the 
periodically  repeated  trains.  Electrical  oscillstion/vibrations  are 
converted  by  the  quartz  plate  into  a*ohanicsl  ones.  After  achieving 
opposite  end,  wave  trait  partially  tiansf er/ccnverts  into  receiving 
plate,  and  it  is  partially  reflected  conversely.  In  receiver 
■echanical  oscillation/ vibrations  are  converted  into  electrical  ones 
and,  in  passing  by  rectifyirg  amplifier  4,  they  enter  cathode-ray 
oscilloscope  3.  At  shield  they  appear  in  the  ferw  of  the 
direct/straight  vertical  line  whose  value  is  proportional  to  the 


IBM 
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amplitude  of  mechanical  wave  train  in  speciaen/saaple.  The  train 


reflected  goes  conversely,  is  reflected  frci  end/face  and  again  goes 


to  opposite  end/face,  etc.  In  this  case,  on  the  shield  of 


oscilloscope,  are  obsecied  the  egu idistaat  lines,  which  decrease 


along  the  length  in  proportion  to  the  attenuation  of  waves,  since 


horizontal  tining  axis  shows  tine,  and  s;a n/de velopaent  itself  is 


synchronized  by  the  pulse  repetition  rregutney.  Tine  t of  the  passage 


tandea  of  the  waves  of  the  length  X of  spec iaen/saaple  twice 


corresponds  to  scale  to  the  distance  netween  twe  adjacent  lines.  Have 


propagation  velocity 


t 


Knowing  the  velocity  of  propagation  of  longitudinal  elastic  wave 


in  Stan,  is  determined  leung's  nodclus: 


^ - l/ 


where  p - naterial  density  of  rod, 


On  the  velocity  of  propagation  or  torsion  waves,  it  is  possible 


to  deterarne  shear  aodulus: 


vT 


Since  the  piezoelectric  converters  cannot  work  at  the  high 
teaperatures,  pulse  of  icstallatiof  in  essecce  are  utilized  for 
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determining  the  moduli  c £ elasticity  at  noraal  and  low  temperatures. 
However,  in  recent  years  were  developed  the  installations.  Baking  it 
possible  to  deteraine  tie  acduli  of  elasticity  by  dynamic  method, 
also,  at  high  temperatures. 
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Fig.  16.  Diagraa  of  pulse  installation  toe  ceteraining  the 
aodule/aod uli  of  elasticity  [27], 
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So,  B.  A.  Kalugin  and  N.  G.  Mikhaylov  [19]  created  the  installation 
during  which  it  is  possible  to  determine  the  acdulus  of  elasticity  by 
pulse  method  to  3000°  K.  The  speci aen/saa pie  beilg  investigated  with 
a diaaeter  of  12  ma  and  with  a length  or  50  has  thickenings  at  the 
ends  o y which  it  is  fastened  in  the  uisuountable/release  aater-cooled 
clamps,  that  use  s inult aneously  by  current  supplies.  S peci men/saaple 
is  heated  by  the  direct  trarsaissico  of  electric  current.  The  intense 
coding  of  the  ends  of  the  specine  p/saaple  takes  it  possible  to 
utilize  tae  piezo  converters,  attached  to  end/faces.  By  B.  A.  Kalugin 
aad  N»  G.  Mikhaylov  is  developed  the  procedtre  cf  the  coaputation  of 
the  acduli  of  elasticity  cn  aeasureaents  in  unevenly  heated 
speciaen/saaple  [19]. 

At  present  for  det staining  of  elasticity  characteristics  at  high 


temperatures,  aost  widely  are  utilized  resccancc  device.  Their 
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operating  principle  is  instituted  cn  the  deter b ination  of  the  natural 
frequency  of  the  oscillating  test  sample  f r c ■ resonance  onset  during 
its  agreement  with  the  frequency  of  vioraticn  exciter.  Resonance 
frequency  fp„  is  connected  with  tie  natural  frequency  of 
specimen/s  ample  by  the  ceperdence 


f pM  — f cot 


(39) 


where  6 - a logarithmic  decrement  cf  oscillation/vibrations.  During 
the  low  dissipation  of  energy  in  materials,  for  example  with  6 = 
10“3,  it  is  possible  to  count  /p„  = fr06  with  an  accuracy  to  O.OIo/o. 


On  tne  relationship/ratio  between  the  catuial  frequency  of 
specimen/sample,  its  gecnetric  dimensions  acd  weight,  are  calculated 
the  elasticity  characteristics.  For  uetermining  the  elastic  modulus 
F,  are  utilized  longitudinal  or  transverse  vibrations,  while  for 
determining  the  modulus  cf  shear  G,  - torsicn. 


Are  given  below  the  basic  laws,  which  exist  during  the 
longitudinal,  torsion  acd  flexural  vibraticcs  cf  rods.  It  is  assumed 
that  the  specimen/samples  have  a fern  or  fice/thin  rectilinear  rods 
of  uniform  section/cut,  moreover  in  tuem  \ >>  d,  where  X - wavelength 
cf  the  exited  in  specimcn/sample  vibration,  and  d - a transverse 
size/diaension  of  specinen/saaple. 
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Longitudinal  oscillations.  With  longitudinal  oscillations  the 
axle/axis  of  cod  remains  filed,  anc  cross  sections  oscillate  in  the 
direction,  perpendicular  to  their  {lanes.  It  is  assuaed  that  during 
the  longitudinal  oscillations  of  prismatic  icd  its  cross  sections 
remain  flat/plane,  and  the  particles,  which  lie  at  these 
section/cuts,  accomplish  motions  only  in  tie  direction  of  the 
axle/axis  cf  rod.  Longitudinal  tensile  strains  and  compression  with 
oscillations  of  rod  are  accompanied  by  some  lateral  def oraations, 
however,  when  the  lengtfc  of  longitudinal  waves  is  great  in  comparison 
with  the  transverse  size/di mensiens  or  tod,  lateral  deformations  they 
usually  disregard. 

Eage  22. 

If  necessary  it  is  possible  to  introduce  correction  according  to  the 
method,  proposed  by  Rayleigh. 

For  the  longitudinally  oscillating  rod  (Fig.  17)  let  us 
iatioduce  the  following  designations:  u - tie  longitudinal;  travel  of 
the  arbitrary  cross  section  of  rod,  which  is  located  at  a distance  of 
x from  the  origin  of  ccctdirates.  This  uisp  lace  lent/ movement  is  the 
foqcticn  of  coordinate  V and  tine  t;  6 - eleegatien  per  unit  length;  S 
- cross-sectional  area;  F - longitudinal  tersilc  force,  F-S£e;  <}  — 
material  density  of  rod;  X.  ~ length  of  rod. 
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Elongation  per  unit  length  and  tensile  force  in  arbitrary  cross 
section  at  a distance  ol  x frca  tbe  origin  cf  coordinates  accepted  at 

the  end  of  the  rod  can  ke  represented  ru  tbe  fcra 

du  r>r~du 

* = — ; F-SE  — . 

ox  dr 

For  section/cut  at  a distance  dx  iron  the  first  tensile  force 
f + dF  = . The  force  cf  irertxa  of  eleient  of  length  with  a 

cf  dx*  the  locating  between  the  section/cuts  indicated  rod,  will  be 

-Spdx~ . 
dt * 


Applying  d'  Alembert's  principle  to  the  elementary  pact  of  the 

oscillating  rod  in  question  with  a length  cf  dxj  we  obtain  the 

differential  equation  of  lcrgitudinal  oscillations  of  a rod  in  the 

fare  -Sp^  + Sf^  = 0 or- 
dt  ox 


dt * 


= a- 


, d*  u 
dx-  ' 


(40) 


where 


a*  = 


(4J> 


Since  displacenent/novenent  u depends  cn  ceordinate  x and  tine 
t*  it  can  be  presented  as  u * XZ,  where  x - certain  function  only  of 
coordinate  x;  Z - oertaia  function  only  of  tine  t. 

Functions  I,  l nust  be  such  that  would  be  satisfied  equation 


(•0) 


fig.  17.  Hod.  which  accomplishes  longitudinal  oscillations. 

Eaqe  23. 

If  rod  accomplishes  oscillations  ol  one  of  its  cwn  forms  whose 
frequency  is  equal  to  #/2v,  then  tie  solution  of  equation  (40)  takes 
the  form 

u = X(A  cos  + sin  <»<).  (42) 

where  A and  B - integration  constant;  u - angular  frequency;  function 
X determines  the  form  of  oscillations  and  is  called  normal  function. 

Kith  oscillations  cf  red  with  free  ends,  the  tensile  force  at 
ends  must  be  equal  to  zero,  which  answers  tie  following  conditions  at 
the  ends: 


Substituting  expression  (42)  in  equation  (40),  we  obtain  - «*X  = 
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a*  (d*Jt/dx*)  . In  that  case 


M)  r u)  x 

■ C cos  — f-  Dsln  — . 
a a 


(44) 


la  order  to  satisfy  first  ccnditiop  (43),  it  is  necessary  to  place  D 
* 0,  second  condition  (4  3)  Kill  be  satisfied,  if 

/ »r 

sin  - - 0.  - (45) 

a 

Equation  (45)  is  the  frequency  equation  for  the  case  in  qaestion, 
which  Bates  it  possible  to  calculate  the  frequencies  of  its  own  fores 
cf  longitudinal  oscillations  of  a xoa  with  free  ends.  Frequency 
equation  will  be  satisfied  Kith 


- = IT., 

a 


(46) 


where  i - integer. 


Setting  i = 1,  2,  3,  . ..,  we  obtain  the  frequencies  pf  the 
various  iotas  of  oscillations.  The  angular  frequency  of  the  basic 
fora  of  oscillations  will  he  obtaireu  with  substitution  i = 1.  Then 

"E 


a*  * . / £ 

t -tv  r 


(47) 


Cage  24. 


The  corresponding  period  of  oscillations  Tt  * 2»/wt  = 2£ j/p/B  or, 
hearing  in  aind  that  yfe/p  - velocity  of  propagation  longitudinal 
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elastic  wave  in  stea, 


Lh 


r,-S. 

C 


Frequency  of  the  first  fora  of  the  natural  oscillations 


i -i./e 

2/1 


(49 


or 


f MB 


■21 


(50 1 


The  fora  of  this  fern  of  oscillation*  is  represented  in  Fig.  to  17 
curves  kk  whose  ordinates  ace  deteraineu  frea  the  equation 


A , = C,  cos  -*  C,  cos  — . 

a l 


(51) 


Proa  the  given  above  eleaentaiy  unpacking/ facings  escape/ensue 
several  derivations,  which  have  iapoctaut  value  for  experiaental 
deteraination  of  elastic  acdulus  E. 


1.  Elastic  aodulus  E can  be  detecained  by  resonance  frequency  of 
first  fora  of  longitudiral  csci 1 la tious  of  test  saaple  made  of 
expression  (50) 

E - 4PpfL.  (52) 


4 


2.  During  oscillations  cf  a rod  on  first  (tasic)  fora  of  oscillations 


fxca  fcraula  (51)  it  follows  that  Xt 


u with  x * Z /2»  i.e.. 


average 
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along  the  length  of  rod  secticn/cut  is  mot icnlessly  vibration  node, 
which  aakes  it  possible  during  construction  of  installation  to 
utilize  aean  section  of  speciwen/sawple  for  its  attachment  during 
tests,  after  leaving  ends  free. 

3.  Frequencies  of  ligh  foras  cf  iougitcdinal  oscillations  of 
test  sawple  are  lore  frequency  of  first  fori  into  2,  3,  4,  5,  ...» 
tines,  ahich  aakes  it  possible  during  Measurements  tc  differ 
resonance  frequencies  of  lcrgitudinai  oscillations  of  speciaen/saaple 
free  different  interference/ ja« »in gs. 

Page  25. 


Scaetines  tha  test  sanple,  whicn  varies  on  the  basic 
oscillations,  is  called  half-wave,  since  wavelength  , 


in 

for  fundaaental  frequency  fam^that  after  substitution  f 

21 

forsula  indicated  we  obtain  X = 21  or  1 * X/2. 


np 


fora  of 
while  since 
into  the 


Torsional  oscillations.  During  torsional  oscillations  the 
axle/aiis  cf  rod  reaains  filed,  and  its  cross  sections  are  rotated 
around  it.  It  is  assuned  that  during  torsional  oscillations  the  cross 
sections  reaain  flat/plane,  and  racii  of  these  cross  sections  - by 
straight  lines.  For  the  rod,  which  accomplishes  torsional 
oscillations  (Fig.  18)  , 6 - the  angle  or  rotation  of  arbitrary  cross 


M 
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section,  which  is  located  at  a distance  of  x fees  the  origin  of 
coordinates,  is  the  function  of  tiie  t;  G - scdulus  cf  shear  of  the 
■aterial  of  rod;  - polar  nenent  01  tue  inertia  of  the  cross 
section  of  rod;  N - torsional  aonent  in  secticn/cut  on  distance  x 
froa  the  origin  of  coordinates  (m  = G/p  —) ; t — Material  density  of  rod. 


The  torsional  aoaect  in  secticn/cut  at  a distance  x+dx  froa  the 
origin  of  coordinates  will  te 


M + 


OM 

Ox 


dx  = GIp 


Ox  Ox 


The  acaent  of  the  forces  cf  inertia  of  the  cell/eleaent  of  rod  with  a 

0*0 

length  of  dx  is  equal  tc  p/,,—  . 


Applying  d • Aleabert's  principle,  we  eftaia  the  differential 
equation  of  notion  of  ccll/eleaent  dx: 


/ r/ 


(53) 


or,  designating  G/p  = a2,  wc  obtain 


on  __  , (po 

dtt=a  Ox 3 ‘ 


(541 


Equation  (54)  by  nature  completely  coincides  vith  equation  (40); 
therefore  the  obtained  above  dependences  fer  the  longitudinally 
oscillating  rod  can  be  esed  for  the  rod,  which  accoaplishes  torsional 
cscillations. 
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Pig.  18.  Rod,  which  accomplishes  torsional  csci llaticns. 
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From  that  given  it  is  possible  to  uake  such  conclusions. 


1.  Modulus  of  shear  G can  be  determined  t y resonance  frequency 
cf  first  f era  of  tcrsiotal  oscillations: 

0 = 4 ?PfZp.  f55> 

2.  During  torsion  oscillations  of  a red  fixed  is  its  lean 
section.  Therefore  in  the  case  of  fastening  red  during  the  wire 
suspensions,  arrange/located  oc  its  end/faces,  it  is  necessary  to 
utilize  wire  of  ainiaua  thickness.  Otnerwise  the  aass  of  wire  can 
considerably  affect  resonance  frequency. 

3.  Frequencies  of  high  fotns  cf  torsiccal  oscillations  of  test 
saaple  are  aore  frequency  of  first  fora  into  2,  3,  4,  5,  ...,  tines, 
which  wakes  it  possible  during  aeasurenents  tc  differ  resonance 
frequencies  of  torsional  oscillations  fro a tesctance  frequencies  of 


il 


i 

' 


I 

I 

• 


I 


L. 


1 
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transverse  vibrations  ard  i nter ter ence/jan i ing s . 

Transverse  vibratiens.  Hith  this  node,  the  axle/axis  of  rod 
experience/tests  bend  it  cue  plane,  and  its  cress  sections 
participate  in  forward  icticn  in  the  plane  cf  bending  and  in  rotary 
notion  around  the  axle/axes,  perpendicular  to  the  plane  of  bending. 


PigUi.es  19  shows  the  transverse  forces  and  the  bending  aonents, 

which  effect  on  the  cell/elenent  of  rod  dx  curing  transverse 

vibrations.  Besides  transverse  forces  on  the  cell/elenent  of  rod  dx, 

d*  v 

affects  another  inertial  force,  egval  to  pS—^dx. 

dt* 


The  equation  of  transverse  oscillations  of  a rod,  which  gives 
satisfactory  accuracy/precisicn  for  long  stens,  can  be  obtained,  if 
is  considered  only  forward  lotion  cf  cell/elenent  dx.  In  thir  case 
are  totaled  the  transverse  forces  anu  tue  icertial  fcrces,  which 
effect  on  cell/elenent  cx,  which  gives 


f-tSp. 

dx  dt 1 


(56) 


If  the  cross  sections  cf  red  are  low  in  ccnparison  with  its 
length,  then  the  differential  equation  of  elastic  line  tabes  the  forn 

dx 1 


where  I - nonent  of  the  inertia  of  the  cross  section  Of  rpd  relative 
to  neetral  axle/axis,  sacticn/cut,  perpendicular  to  vibration  plane; 
H - bending  nonent  in  any  cross  section. 


DOC  = 78153702  P1GF  <2%- 


Fage  27. 


It  differentiated  this  expceseion  twice,  we  will  obtain 

d'‘la*v\  dQ 

f- 


After  substituting  value  cf  ^ fro  i aguaticc  (56),  we  wili  obtain  the 

ox 

coaaon/general/total  egraticn  of  transverse  oscillations  of  a rod  in 
tha  fora 


dx'  dO 


or , after  introducing  tie  designations 

. £/ 
0*  mm  — , 

SP 


ia  the  fora 


£y4 -a'-*-? 

dt'  dx' 


(59) 


(60) 


0. 


(6 


r 
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Lf  rod  accomplishes  harmonic  oscillation,  then 
sagging/de  fleet  ion  in  ary  place  can  be  represented  as  the  equation 

y = X(A  cos  wr  + B sin  u>/),  (62) 

where  X - a function  of  coordinate  x,  wnich  determines  the  normal 
form  of  oscillations. 

Substituting  expression  (62)  in  equation  (61),  we  obtain 

d'Ji  = X.  (63) 

dx*  a* 

If  we  designate 

•S  ==!*?.  *\  (64) 

a-  £/ 

then  sin  u,  cos  lx,  sh  kx,  ch  kx  they  will  be  the  particular 
solutions  of  equation  (13),  and  its  general  solution  it  will  be 

X * C,  (cos  kx  4-  ch  **)  + C,  (cosljc  — ch  kx)  + 

-f  Cj  (sin  kx  -f  sh  kx)  + C4  (sin  kx  — sh  kx),  (65) 

where  Ct,  C2,  C3,  C«  - the  constants  which  are  determined  in  each 
specific  case  from  conditions  at  the  ends  ot  the  rod. 

! 

Eage  28. 

The  specimen/sample,  suspend/hung  iron  suspensions  in  vibration 
nodes,  is  rod  with  free  ends.  It  this  case  the  bending  moment  and 
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expression  (65)  : 


, n , “J  *3a.  . *»|  *\a 

fl~°'  ft~  f>  = 2t.  = 


Substituting  the  rccts  of  equation  (7  1)  in  equation  (70),  is 
cbtained  ratio  Ct/C3  for  the  appropriate  acces,  and  froa  equation 
(68)  is  found  the  fora  cf  elastic  line  uuring  oscillations.  The  first 
fora  of  oscillations,  wfcicfc  corres|cuas  to  tfce  first  different  froa 
zero  frequencies,  has  t to  asseablies  at  a distance  of  0.224  £ froa 
the  ends  of  the  rod.  Figure  20  shows  tue  ferns  cf  the  elastic  line 
of  rod  during  transverse  vitrations  ana  tne  position  of  nodes. 


Eage  29. 


On  the  basis  of  that  presented,  it  is  pcssible  to  draw  the 
ccnclusion  s: 


1.  Young's  aodulus  can  be  deterained  1)  tfce  resonance 
frequencies  of  the  various  ferns  of  transverse  oscillations  of  a rod 
according  to  foraulas  (72)  and  (6  1).  For  tfce  first  fera 

C _ l *1*  I V (TX\ 


/ \ (.730-  ; 


2.  Filaaents  of  suspensions  atst  be  furnisted  near  nodes  which 
with  first  fora  are  located  at  a distance  ty  0.224  t froa  ends  of 
s|eciaen/s  aaple. 
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3.  Frequencies  of  fcigh  fores  cf  transverse  vibrations,  as 
fellows  of  expressions  |72)  , ecre  frequency  of  first  fore  into  2.76; 
5.01;  8.94;  ...  once,  wlich  taxes  it  possible  tc  differ  resonance 
frequencies  of  transverse  vibrations  froa  resonance  frequencies  of 
torsional  oscillations  acd  interference/ ja ■ li ngs . 

Deteraining  the  aoduli  of  elasticity  at  high  teaperatures,  it  is 
recessary  to  keep  in  aird  that  the  Linear  diaensions  and  the  specific 
gravity/weight  of  speci aen/saaple  change  deling  the  heating: 


/,»=/(  1 + o/ ) ; 

(74) 

d, » d ( 1 + at) ; 

(75) 

, P 

(76) 

' (1 + ■/)•’ 

where  , d and  p - respectively  length,  diaacter  and  density  of 
speciaen/saaple  at  rooa  teaferaturc;  ar.d  p6  - respectively 

length,  diaaeter  and  dersity  of  speciaen/s aiflc  at  teaperature  t;  a - 
coefficient  of  the  linear  eapansion  or  the  aatcLial  of 
speciaen/saaple. 

Taking  into  account  foraula  (1 4),  (75)  and  (76),  it  is  possible 
tc  calculate  the  acduli  cf  elasticity  at  hi^h  cfes  the  teaperature: 

during  the  longitudinal  oscillations 

* (77) 
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during  transverse  vibrations 


E, 


4pS 

/ 


during  torsional  oscillations 


(78) 


(79) 
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Pig.  20.  Pons  of  the  elastic  line  o t cod  during  transverse 
vibrations . 

Page  JO. 

3.  Deter ai nation  of  the  icduli  of  elasticity  during  the  uneven 
heating  of  specimen/sample. 

Use  of  uneven  heating  during  the  measurements  of  the  aoduli  of 
elasticity  at  high  temperatures  gives  a series  cf  advantages.  In  this 
case  the  testing  unit  can  be  siipler,  are  iiptcved  the  conditions  of 
the  work  of  exciter  and  receiver  cf  the  oscillations,  arrange/located 
oa  the  end/faces  of  speciiec/saiple  less  heated,  than  its  middle. 

The  dynamic  method  cf  determining  elasticity  characteristics 
from  resonance  frequency  cf  specimen/sample  lakes  it  possible  to  use 
the  uneven  heating  during  which  the  middle  cf  speciaen/saaple  is 
heated  more  strongly  than  its  ends,  as  a result  of  the  special 
feature/peculiarities  of  the  oscillating  prccesses  which  occur  in 
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sp eciaen/s aaple. 


The  procedure  of  the  determination  of  Yeung's  modulus  fro*  the 
resonance  frequency  of  the  longitudinal  oscillations  of 
speciaen/saaple  during  his  uneven  heating  is  developed  by  V.  A. 
Kuz'aenko  [30].  The  essence  of  this  procedure  consists  in  following. 


In  the  uqevenly  heated  along  the  length  speciaen/saaple  of  the 
value  of  Young's  acdulus,  they  are  different  on  different  sections. 
Ey  experiaents  and  subsequent  calculations  it  was 
establish/installed,  that  a change  in  Young's  acdulus  along  the 
length  of  speciaen/saaple  when  the  middle  of  s peciaen/sa aple  was 
heated  aore  than  its  end/faces,  is  expressed  well  by  the  parabolic 
dependence 


£(x)-£o+qxJ.  (80) 

where  E0  - value  of  Yourg's  aodulus  in  the  vibration  node  which  is 
located  the  halfway  unevenly  heated  speciaer/satple. 

The  origin  of  coordinates  places  in  the  vibration  node  of 
speciaen/saaple.  For  determining  coefficient  is  utilized  the  fact 
that  the  curves  of  teap«ratire  dependence  E during  the  unifore  and 
uneven  heating  of  spec! men/saaple,  differ  little  one  fro*  another 
(Fig.  21).  These  data  were  obtained  during  installation  [ 8 1 ], 
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F«r«ittioj  iapleae  ntion  of  toth  unifora  and  uneven  heating  of 
speciaen/saaple.  During  unifcri  heating  the  teaperature  of  the 
end/faces  of  speciaen/s aaple  differed  froa  the  teaperature  of  its 
central  part  not  aore  than  to  3o/oi. 
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fig.  21.  Dependence  of  Young's  aodtlus  of  the  alloy  EI612  on 
temperature,  obtained  during  the  urixoriu  tc  (1)  and  uneven  (2) 
heating  of  speciaa  n/saaple  alcng  tie  length  (longitudinal 
oscillation) . 


Key:  (1).  H/a*. 
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Caring  the  uneven  heating  ol  sped  oen/saap  le,  the  teaperature  of 
s [eciaen/saaple  differed  to  50o/o  froa  tne  teaperature  of  its 
ja.net ion/unit  sect ion/c tt. 

Knowing  the  half  of  the  length  of  spec i aep/saaple  and  the 
teaperature  of  its  aiddle  and  end/laces,  ttiough  dotted  carve  find 
approximate  values  E0  and  E,,  hut  through  then,  utilizing  expression 
(81),  coefficient^.- 
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During  the  derivation  cf  the  dirrerential  equation  of 
lopgitudinal  oscillations  ot  a rod,  which  hes  variable  along  the 
length  Young's  nodulus,  ere  should  cousider  that  the  expressions  for 
a tensile  force  at  a distance  of  x fioa  the  beginning  of  coordinates 
and  force  of  inertia  of  the  cell/elenent  ot  red  with  a length  of  dx 
will  take  the  sane  torn  as  red  witt  constant  scdule/aodulus. 


Tensile  force  in  s<cticn/cut  at  a distance  x+dx  fro*  the  origin 
cf  coordinates  will  be 


Then  differential  equation  cf  Icngituuinal  oscillations  cf  a rod, 
which  has  alter nat ing/v ariatle  alcrg  tne  length  tod ule /nod ulus , can 
be  recorded  in  the  forn 


£ dE  du  __  pd»a 

dx'-  dx  dx  dt*  ™ 


<81 ) 


Snbstituting  in  equation 
obtain 


(61)  value  of  u fre*  expression 


£d'X  f dE  dX 
dx * dx  dx 


+ »’pX 


0. 


(39), 


(82) 


we 


the  solution  of  equation  (81)  will  be  the  fcrnula 


t (x)  ~v(x— Ax'+Bx*— Cx7+.  . 


(83) 
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where  | - constant,  and  A,  l,  C,  ...  - tae  coefficients  in  which  they 
enter  B0,  p and  frequency  f,  aeastreu  at  tie  which  interests  us 
tenperature  cf  the  junction/unit  scctiou/cut  of  specinen/sanple. 

In  this  case  will  occur  the  boundary  condition 

*'(i)-0.  (841 

Deternining  Q froi  expression  (6J) , we  find  the  eguation  whose 
solution  will  give  value  E o . Values  h0#  obtained  by  such 
calculations,  they  are  sheer  cn  Pig.  21  oy  klack/fer rous  snail 
circle. 

Page  32. 

Since  differential  equations  cf  torsicn  and  longitudinal 
oscillations  of  a rod  are  sinilar,  deterai qatic n of  shear  nodulus 
dating  the  uneven  heaticg  of  speciaen/saaple  will  in  no  way  differ 
fron  the  deternination  cf  Yeung's  aodulus  under  the  sane  conditions. 


In  the  case  of  transverse  vibrations  of  the  unevenly  heated  rod, 
the  differential  equation  cf  oscillations  kill  take  the  forn 
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where  E(x)  - the  functicr,  which  expresses  a change  in  Young's 
■odulus  along  the  length  of  specimen/saiaple . 

The  procedure  of  the  determination  of  Young's  acdulus  from  the 
resonance  frequency  of  transverse  vibrations  during  the  uneven 
heating  of  specimen/sam(le  was  developed  by  V.  A.  Dreshpak  [13].  For 
obtaining  the  expression,  which  makes  it  possible  to  determine  the 
natural  frequency  of  rod,  it  utilized  Witz's  method  [61]. 

Applying  the  method  of  Hitz,  the  sagging/deflection  of  rod 
during  oscillations  takes  in  the  fees 

y = X cos  u>f,  (86) 

where  X determines  the  form  of  oscillations. 

For  convenience  the  origin  of  coordinates  (laces  to  the  center 
of  gravity  of  the  mean  section  cf  rod,  and  the  length  of 
sfecimen/saaple  is  taker  as  equal  to  2l . Greatest  potential  energy  of 
the  rod 


/ 


while  the  greatest  kinetic  energy 
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whence 


i 

7" " ^ J Sp(Xm)idx, 

w* = i . -• — 

Sp  A , 

J-** 


To  exact  solution  lor  the  frequency  of  the  basic  fora  of 
cscillations  corresponds  the  ainiaua  value  ct  expression  (89).  For 
obtaining  approximate  scluticn  ct  X,  is  accepted  in  the  fora  of  the 


senes 


X — a,  <Pi  ( x ) + a%  <p,  (x)  4-  a,  f * (x)  + . . . , 


where  each  of  the  functions  * satisfies  conditions  at  the  ends  of  the 
rod.  Substituting  fcraula  (50)  in  expression  (89)  and  satisfying  the 


condition  of  the  ainiaua,  we  octain 


met 

-/ 

j*  X-dx 


— = 0 
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Utilizing  formula  (89)  , we  obtain 


jd 

da 


<93) 


Let  us  now  determine  such  values  or  the  constants  a3*  a2,  a3, 
in  expression  (90)  , which  turn  into  the  minimus  the  integral 


(94) 


Eguations  (93)  are  uniform  and  linear  relative  to  at*  a2,  a3( 

...  their  number  is  equal  tc  a number  oi  terms  into  expressions  (90). 
Equalizing  to  zero  determinant  of  these  eqmaticns  is  obtained  the 
freguency  equation  from  which  it  is  possible  tc  calculate  the 
frequencies  of  the  various  ferns  of  oscillations. 


As  function  *(x)  are  accepted  the  normal  functions  of  prismatic 
rod  with  free  ends.  Suet  functions  gave  satisfactory 
approach/a pproximation  fer  the  frequency  of  the  basic  form: 

X,  = Cjfcos/^xch  *,/-f  ch  ki  x cos  k,  l).  (95) 

For  simplification  the  arbitrary  constant  is  accepted  in  the 

form 

i-  1 <*> 

* y cos7 kt l -t  ch  ktl  . 
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Normal  function  which  answers  first  root  *i/=0,  it  is  constant 
value,  equal  to  1//2,  acd  the  corresponding  tc  it  aotion  represents 
the  displacenent  of  rod  as  solid  in  tne  direction  of  Y axis.  Then 
series  (90)  can  be  recorded  in  the  forn 


X — a , a cos  ht  x ch  / + ch  k7  x cos  k,  / 

V 2 * KcosJfe, /-f-ch*,/ 

Substituting  this  expression  in  equation  (S3),  we  obtain 


L N (' + a “•  a~ »■'  ^ - 

I 

Spot2  r v v ) 

T — — <*iaiWdx  =0. 

• J *-1.2.3 /— 1,1,3, . . . | 


(97 1 


(98) 


Let  us  designate 


(99) 


Then  from  equation  (98)  we  find 

£ «*(«/, -^/,)  = 0.  (100) 

<—1.23 


For  deteraining  the  basic  fori  of 
sufficient  two  neabers  cf  series  (90). 


oscillations 
in  this  case 


virtually  it  is 
equations  (100) 


will  take  the  fora 


r 
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For  our  case 


PICE  -4H- 

a\  (®u  — ^Pn)  + («ji  — M*«)  = 0; 
al  (“l*  — '>?!*)  + at  (a,,  — mm  0. 

*1=0; 

q>'„  = k~  — cos  kt  xcb  k7l  + ch  kt  x cos  k.2 1 

V^co^vTc * 


(101) 


(102) 


Page  35. 


Sow  we  can  calculate  the  values  of  tne  coefficients  of  equation  (101) 


*n  **0; 


*u  — 0; 


*»»  — 0; 


“*J=  I ('~V)  " 2j^T  <l  + 0.32l2a); 


(103) 


P..  — A P.3  = P„“0;  pM  = /. 

Let  us  write  the  deterninant  of  equations  (101)  and  equate  it  to 
zerc: 


-It 


0 


Hence 


° (I +0,3212  a)-^ 


1 = ^54(1  +0.3212  a) 


■ 0. 


cr , if  we  substitute  values 


2,365*  V 1 + 0,3212  a 


- (104) 


(105) 


(106) 
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Hill  cbtain  the  expression 


# /U.737(m-o,; 


I [4.73  J (1  + 0,3212a) 

The  experimental  check  of  the  outained  calculated  dependences 
was  carried  out  by  determining  Young's  modulus  cf  steel  Kh14Nl4V2H  in 
the  resonance  freguency  cf  transverse  uoratiocs  during  the  unifora 
aad  uneven  heating  of  sfeciaen/saap  le.  The  teaperature  of  middle  and 
end/faces  of  sped aen/s ample  durinc  uuirara  heating  differed  not  aore 
than  to  2o/o,  but  at  ncpucifcri  the  airrererce  cf  the  temperatures 
reached  50o/o.  Coefficient  a determined,  as  in  the  case  of 
longitudinal  oscillations,  according  to  the  curve/graph  of  the 
teaperature  dependence  cf  Yeung's  touuius  cl  the  unevenly  heated 
apeciaen/saaple.  The  calculation  of  Young's  modulus  was  produced  for 
five  values  of  teaperature  (1-  VI  in  F lg.  22).  the  teaperature 
distribution  along  the  length  cf  speciuea/seaplc  is  shown  on  Fig.  23 
(J.  - V the  sane  as  in  Fig.  22).  Cciputeu  values  cf  Yeung's  aodulus 
(dark  points  in  Fig.  22)  coincide  well  with  the  values,  obtained 
daring  unifora  heating. 


Ip 
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Page  37. 

CHAPTER  III. 

INSTALLATIONS  FOR  DETERMINING  THE  HODUL*.  OF  ELASTICITY  OF  MATERIALS 
AT  NORMAL  AND  HIGH  TEN F ! F AT U RES . 

1.  Determination  of  the  moduli  of  elasticity  at  normal  temperatures. 

For  determining  of  elasticity  cnai'uct  eristics  of  high-melting 
materials  at  high  temperatures,  it  is  necessary  to  accurately  know 
their  value  at  normal  t «mpe tat  urea . Sucn  measurements  are  conducted 
during  installations  OP-1  and  OP-4  [31  j.  These  installations  are 
uncomplicated  on  ievice  and  give  the  possibility  to  measure  the 
elasticity  characteristics  in  the  test  samples  cf  various  forms  and 
size/dimensions.  The  latter  fact,  ana  aiso  that  in  oscillatory 
systems  are  absent  the  additional  devices,  necessary  in 
high- tempe rature  installations,  they  mana  it  possible  to  conduct  the 
measurements  of  tie  resonance  fregueucy  of  specimen/sample  more 
accurately,  also,  with  the  small  expenditure  of  time. 


•—  • 
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During  installation  DM  (Fig.  24)  is  measured  the  resonance 
frequency  of  the  longitudinal  oscillations  cf  the  test  samples  with  a 
diameter  of  7-8  mm  and  ty  length  70-z00  am  at  rcom  temperature. 


As  the  sourca  of  mechanical  oscillations  serves  plate  6 of 
polarized  ceranics  of  bariui  titanata,  rijidly  attached  in  holder  7. 
To  the  electrodes  of  plate,  is  supplied  the  variable-frequency 
voltage  froa  mastar  oscillator  8,  as  wttxch  is  utilized  the 
audiofrequency  oscillator  of  the  typa  ZG- 1 2 or  by  any  other  with 
similar  performance  data. 


Speci aen/saaple  3,  attached  in  sheet  rubber  4,  is 
establish/installed  on  stand  5,  that  is  moved  with  the  aid  of  the 
aechanisa  of  9 installations  of  specimeu/s ample  in  different 
directions.  The  plate  of  rubber,  in  union  is  fastened  the 
speciaen/s ample,  is  furnished  in  the  juncticn/urit  section/cut  of  the 
latter;  the  saall  displacement  of  plate  from  the  position  indicated 
they  do  not  virtually  affect  the  resonance  frequency  of 
speciaen/s aaple.  Dscillaticrs  from  piezoelectric  plate  6 are 
transferred  to  the  specimen/saaple  through  the  medium,  which  fills 
the  interval/gap  between  the  end/face  or  s peciaen/saaple  and  the 
plate. 
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Fage  38. 

If  the  oaterial  of  speciaen/saaple  pat. seas es  the  low  damping 
properties,  then  even  with  cutput  potential  of  the  master  oscillator, 
which  does  not  exceed  2C-50  V,  resonance  oscillations  of 
specimen/saaple  easily  are  excited  through  the  air  gap  between  the 
end/face  of  speciaen/saiple  and  plate  b.  Otherwise  it  is  necessary  to 
raise  the  stress,  applied  tc  electrodes  of  the  plate  of  exciter,  or 
to  reinforce  the  acoustic  contact  cf  speciaen/saaple  with  exciter, 
after  filling  with  liquid  the  mtervil/gip  between  the  end/face  of 
speciaen/saaple  and  the  plate. 

The  oscillations  of  speciaen/saaple  are  absorbed  by  the 
receiving  sensor,  which  are  of  fine/tniu  t i tana te-ba ri urn  plate  2, 
fixed  to  housing  installation  1 and  tue  screened  foil.  The  sensor  of 
this  construction/desigr  is  sufficiently  sensitive  and  accepts  the 
oscillations  of  the  specimen/sampl e through  the  air  gap  between 
end/face  of  speciaen/saiple  and  foil,  stuck  on  plate  2.  If  the 
aaplitude  of  resonance  oscillations  of  speciaen/saaple  is  small,  this 
interval/gap  is  also  filled  with  liquid.  In  the  presence  of  the  air 
gaps  between  sensors  and  end/faces  oi  speciaen/saaple,  the  latter  can 
be  considered  as  free  red,  and  its  resonance  frequency  of 
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longitudinal  oscillations  is  actually  equal  to  its  own;  after  the 
filliqg  of  interval/gaps  with  liguid  the  resonance  frequency  of 
specinen/saaple  is  decreased  by  the  tentns  cf  percentage.  Signal  fron 
receiving  sensor  is  sup [lied  to  electron  oscillograph  EO-7,  which  is 
utilized  as  the  Barker  cf  resonance.  Since  the  stress,  reioved  fron 
the  electrodes  plates  2,  very  weak,  in  installation  is  anplifier  by 
10  for  its  strengthening  before  supply  to  oscillograph.  By  us  is 
applied  anplifier  U-2-6,  having  frequency  band  16  Hz  - 30  kHz  and 
sensitivity  30  pV. 

During  a steady  change  in  the  frequency  cf  audiofrequency 
oscillator  on  oscilloscope  face,  is  accurately  visible  the 
torque/aon ent  of  resonance  onset.  Bough  reading  of  frequency  is 
produced  on  the  dial/linb  of  generator,  and  precise  - with  the  aid  of 
quartz  heterodyne  vaveneter  with  the  use  of  Lissajous  figures  on  the 
shield  of  oscilloscope  11  or  of  electronic  frequency  neter  12. 

Installation  OP-4  gives  the  possibility  to  deteraine  the 
■odule/aod  uli  of  the  first  and  seconu  kind  according  to  the  resonance 
frequency  of  respectively  flexural  and  torsional  oscillations,  on 
this  installation  the  excitation  of  oscillations  in  speciaen/saaple 
and  their  transaission  froa  speciaen/saaple  are  realize/acconplished 
through  the  filaaants  of  suspension.  The  diagraas  of  the  suspensions 
of  speciae n/saaples  are  shown  on  Pig.  25. 
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Fig.  24.  Block  diagraa  cf  installation  JP-1. 

Fage  39. 

According  to  the  diagrai,  given  to  Pag.  25a  [33,  43],  the 
specimen/s ample  is  hung  in  the  loops  of  filaments.  The  lonqitudinal 
travel  only  of  one  filaient  cause  in  specimen/sample  flexural 
vibrations.  Through  another  filament  is  r ealize/accoaplished 
recording  of  resonance  frequency.  This  diagram  lakes  it  possible  to 
deteraine  only  Young's  lodulus.  The  diagram,  given  to  Fig.  25b,  vas 
proposed  to  N.  N.  Yeraolov  and  E.  Kh.  Hipp  [16].  Speci aen/saaple  has 
at  ends  a concentration  of  mass.  Filaments  are  fastened  for  the  tags, 
adjustable  on  the  end/faces  of  specimen/sa mple.  During  the 
longitudinal  travel  of  filament  in  specnen/sai[le,  are  excited 
flexural  and  torsional  oscillations,  wmch  cakes  it  possible  to 
measure  Young's  modulus  and  modulus  of  snear  (it  is  necessary  to  only 
consider  the  effect  of  the  concentrated  masses). 
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According  to  the  diagraa,  presented  in  Fig.  25c,  flexural  and 
torsional  oscillations  in  specimen/saapie  are  excited  through  the 
tangeqtially  welded-on  to  it  filaaents.  The  diagraa,  siailar  to  this, 
is  applied  by  K.  Syusse  [88]  for  determining  the  modulus  of  shear  of 
nickel. 

The  application/use  of  diagraas  indicated  above  of  suspensions  n 
high- teape rat ure  i nstal laticns  is  difficult,  since  welding  or 
soldering  of  filaaents  to  speciaen/saapies  Bade  of  high-aelting 
aaterials  is  not  always  possible,  but  taa  aajority  of  thea  is  worked 
with  difficulty,  which  iapedes  the  installation  of  tags. 

By  us  are  applied  tfce  aethods  ot  tne  suspension  of 
speciaen/sanple  in  the  loops  of  filaments  [24],  shown  on  Fig-  25d  and 
e.  With  the  aethod  of  suspension,  given  to  fig.  25c,  the  test  saaple 
of  round  cross-section  is  packed  in  the  loofs  of  filaaents.  If  one 
branch  of  suspension  acccaplisnes  longitudinal  travel,  then  as  a 
result  of  friction  between  the  filaaeut  and  the  speciaen/saaple  in  it 
are  excited  flexural  and  torsional  oscillations.  Through  another 
filaaent  by  the  saae  way  is  realize/accoa plishe d recording  of  the 
resonance  frequencies  of  the  flexurai  and  tcrsicnal  oscillations.  The 
best  effect  is  obtained  wken  the  filaaeut  ccapletely  encompasses 
speciaen/saaple,  as  shown  ir  Fig.  25e. 
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Fig.  25.  Diagrams  of  the  suspensions 
determination  of  Young's  modulus  and 


of  specimen/samples  during  the 
displ acement. 


Fage  40. 


The  used  by  us  method  cf  suspension  makes  it  possible  to 
determine  Young's  modulus  and  shear  modulus  in  cne  specimen/sample  of 
simple  form.  Using  this  method  it  is  required  either  victuals  or 
rations  of  filament  to  specimen/sample,  there  is  alsc  no  necessity  to 
establish/ install  in  it  tags  for  fastening  cf  filaments.  As  a result 
the  replacement  of  specimen/samples  is  accelerated  and  is  simplified. 
The  described  method  of  the  suspension  of  specimen/sample  is  used  on 
installations  UP-4,  UP-5,  UP-6. 


The  comparative  tests  cf  the  metnous  ct  the  suspension  of 
specimen/sample  (Fig.  25c,  d,  e)  ccnuucted  showed  that  the  method  of 
the  suspension  of  speci men/samp le  in  the  loops  of  filaments  does  not 
affect  sun stantiall y resonance  frequency. 
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The  diagram  of  installation  UP-4  is  given  to  Pig.  26.  Test 
specimen  1 is  hung  in  the  loops  of  filaments.  As  filaments  is 
utilized  copper  and  Nichrcme  wire  with  uiaieter  0.1  mm. 
Specimen/samples  for  determining  Young's  modulus  and  shear  modulus 
are  the  rods  with  a diameter  of  7-8  hid,  by  length  70-200  mm. 

Young's  modulus  can  be  determined  also  on  tars.  As  exciter  and 
receiver,  are  used  sound-pickup  heads  ZPK-55  whose  piezoelectric  cell 
is  made  from  ceramics  of  titanate  cf  oarium.  The  filament  during 
which  will  hang  the  specimen/sample,  is  connected  to  the  needle 
holder  of  head.  The  heac  is  establish/installed  in  such  position  that 
during  the  supplying  of  variable  stress  on  the  piezoelectric  cell  of 
filament  are  imparted  the  longitudinal  variables.  Exciter  and 
receiver  of  the  oscillations  are  installed  cn  a movable  bracket, 
which  makas  it  possible  tc  change  the  distance  tetween  them  along  the 
length  of  test  specimens.  Electronic  equipment,  utilized  for  exciting 
cf  oscillations  and  recording  of  resonance  frequency  at  installation 
UP-4,  and  also  during  the  described  below  high-temperature 
installations,  th»  same  as  during  installation  UP-1. 

Exciter  3 feeds  from  the  audiofrequency  oscillator  of  7 types 
ZG- 12,  of  oscillations  cf  specimen/sample  ttey  are  absorbed  by 
receiver  2,  signal  from  which  is  strengthened  by  amplifier  4 and  is 
supplied  to  oscilloscope  5,  utilized  as  the  marker  of  resonance. 
Coarse  reading  of  frequency  is  produced  on  the  dial/limb  of  generator 
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7,  and  pracise  - by  electronic  frequency  meter  6. 

Lowering  bracket  with  exciter  and  receiver,  speciaen/saaple  can 
be  placed  into  tha  working  chaaber  or  tue  furnace  of  resistance  to  8 
for  deteraining  of  elasticity  characteristics  at  elevated 
temperatures.  The  temperature  of  test  specimen  is  checked  by  three 
thermocouples  10  on  potenticaeter  11.  Thermocouples  ace  attached  to 
the  middle  also  of  the  ends  of  test  speciaen/saaple  9.  Control 
speciaen/saaple  is  placed  in  working  chamber  of  furnace  8 at  a 
distance  of  5 am  froa  test  rpeciaec.  Excitei.  and  receiver  are  cooled 
ty  air  flow  from  fan. 
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Installation  UP-4  can  be  also  used  foe  determining  of  elasticity 
characteristics  at  the  reduced  tea peratur es.  For  this,  the 
specimen/s ample  is  placed  into  the  cryostat,  ccclant  in  which  is 
liquid  nitrogen. 

2.  Determination  of  the  moduli  of  elasticity  at  high  temperatures. 

The  majorities  of  testing  units  tor  determining  of  elasticity 
characteristics  in  the  tcated  s pec  i meu/sa  m p ie  which  are  described  in 
the  literature,  created  for  a work  in  tae  range  of  temperatures  from 
room  to  1500°  K.  They  are  intended  basically  for  tests  of 
heat-resistant  steels,  nickel  and  cooalt  alloys:  To  utilize  them  for 
determining  of  elasticity  characteristics  of  high-melting  materials 
turned  out  to  be  impossible  as  a result  of  the  low  temperature  of 
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heating  specimen/sample , so  therefore  high-melting  materials  possess 
a series  of  special  fea  ture/peculi ant les,  which  do  not  make  it 
possible  to  experience/test  then  or.  installations  of  such  type.  Hill 
fce  required  the  development  of  special  test  procedure  and  the 
creation  of  such  i nstal laticns  whose  coustructicn/design  makes  it 
possible  tc  consider  the  specific  character  of  high-melting 
materials. 

It  is  known  that  tie  refractory  metals  (tungsten,  molybdenum, 
niobium,  etc.)  strongly  are  oxidized  during  heating  in  air;  therefore 
the  high-temperature  tests  of  these  metals  and  their  alloys  can  be 
carried  out  only  in  vacuum  or  in  the  atmosphere  of  inert  gases  of 
high  freguency. 

The  number  of  high-melting  materials,  especially  on  the  basis  of 
refractory  compounds,  yield  with  difriculty  or  yield  in  no  way  to 
machining.  Specimen/sa m p les  of  them,  manufactured  with  methods  powder 
metallurgy,  can  ba  obtained  only  simple  foci,  limited 
size/dimensions,  moreover  not  always  even  rcund  cross- sect  ion. 

In  view  of  the  fact  that  seme  high-melting  materials  are  in  a 
small  quantity,  a number  of  manufactured  of  them  specimen/samples  and 
size/dimensions  of  the  latter  are  limited.  Many  high-melting 
materials  scatter  to  a considerable  extent  vibrational  energy; 
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therefore  the  disturbance  of  oscillations  in  specinen/sa mple  Bust  be 
sufficient  to  intense  oces.  Furthermore,  with  an  increase  in  the 
teaperature  the  dissipation  of  energy  grow/iises;  therefore  is 
required  the  application/use  of  aore  powerful  vibration  exciters  and 
sensitive  receivers.  For  these  purposes  are  suitable  electromagnetic, 
■agne tostr icti ve  and  piezoelectric  vioraticc  exciters,  but  the  first 
two  types  of  exciters  give  considerable  focusing/inductions  to 
receiving  sensors.  To  reaove  focusing/miuctions  via  careful 
screening  in  the  h igh- 1 ea  pe  rat  ure  vacuua  caaer  a/chamber  is  difficult. 

Cage  42. 

Important  value  has  an  ability  of  exciters  and  receivers  to  work  at 
elevated  temperatures.  For  the  electromagnetic  and  magnetostrictive 
exciters  the  greatest  teaperature  is  the  Cuiie  point  (loss  of 
■agnetic  properties),  while  for  piezoelectric  cnes  - teaperature  of 
the  disappearance  of  piezoelectric  effect,  which,  for  example,  for 
Rochelle  salt  is  lower  than  400°  K. 

The  application/usc  cf  elect rc aag netic , aa gnetostricti ve  and 
piezoelectric  exciters  and  receivers  during  high-teaperature  tests  is 
possible  only  if  the  excitation  of  oscillations  in  speciaen/sa aple 
and  their  procedure  froa  sptci men/ sample  will  be  produced  through 
scae  adapter  rod  or  filaaent. 
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Exciter  and  receiver  of  oscillations  met  te  sufficiently 
distant  froa  high- teapeiature  zone  aud  aguigped  by  additional 
coding. 

During  high-teaperature  tests  specioen/saaple  is  heated  either 
froa  external  heat  sources  because  or  radiation  or  theraal 
conductivity  or  because  of  teat  liberation  within  it  alone.  In  the 
last  case  through  the  s feci aen/saa g le,  is  passed  the  electric  current 
or  is  utilized  tha  induction  aethod  o£  neating.  Speciaen/saaple 
desirable  to  fasten  so  that  the  rod  is  with  free  ends.  In  view  of  the 
fact  that  the  high-aelting  raterials  can  be  current-conducting  and 
noncurrent -conducting,  in  this  case  most  a degu ate/approach ing  is  the 
radiation  aethod  of  heating. 

It  is  necessary  to  note  also,  that  even  sc  aore  easily  in  all  to 

% 

excite  oscillations  of  speciaen/sa ipie,  wnich  is  long  and  stea 
however  in  this  speciaen/saaple  is  ditficult  to  ensure  unifora 
heating  along  the  length.  The  account  to  the  no nuni f oraity  of  heating 
speciaen/saaple,  althouch  it  is  feasible,  is  sufficiently  bulky.  When 
selecting  of  the  s i ze/d iaensions  of  specia en/sa iples  aade  of 
high-aelting  aaterials  for  high-teaperature  tests,  one  should  take 
into  consideration  that  with  the  decrease  of  the  diaaeter  of 
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s jeci ae n/sai pie  grow/rises  the  role  of  the  aaterial  of  the  surface 
layers  which  usually  have  a large  quantity  cf  different  flaw/defects. 

On  the  basis  of  that  presentad  aoove,  the  aost  suitable  can  be 
considered  the  test  samples  with  a diaaatat  of  7-9  oa  and  with  a 
length  of  70-120  ai.  During  the  hi gh-teaperature  tests  of 
high-aelting  materials  for  aeasurirg  the  temperature  of 
speciaen/saaple,  are  utilized  the  pyroaeters  and  the  t heraocouples. 
Under  conditions  of  the  radiation  heating  cf  s peciaen/sa aple  during 
the  aeasureaent  of  teaperature  by  theraoco up les  are  obtained  aore 
accurate  results,  than  with  aeasureaent  uy  its  optical  pyroaeter.  The 
optical  pyroaeters  show  real  teaperature  only  when  the 
eaission/r adiation  of  the  incandescent  nod)  whose  teaperature  is 
subject  to  aeasureaent,  it  is  sufficiently  close  to  tlackbody 
radiation.  Under  other  conditions  into  readings  of  pyroaeter,  it  is 
necessary  to  introduce  corrections. 

Page  43. 

Applying  the  radiation  heating  of  speciaen/saaple,  it  is  difficult  to 

avoid  the  incidence  on  then  of  the  light  rajs  of  heater  reflected 

r 

into  the  objective  of  pyroaeter,  which  increases  the  apparent 
brightness  of  speciaen/saaple  and  distorts  readings  of  the  optical 
pyroaeter. 
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A shortcoming  in  t 
they  can  measure  the  te 
temperature  range  from 
than  the  temperature  of 

Thermocouples  do  n 
cr  vacuum  they  can  be  a 
measurements  at  high  te 
platinum-p latinum-rhodi 
also  thermocouples  from 
characteristics  of  ther 

During  the  prolong 
platinum-p latinum- r hod i 
temperatures  to  1600°  K 
good  stability  of  therm 
junction  of  platinum-pi 
difficulties.  A shortco 
thermocouples  is  the  lo 
emf,  developed  with  the 
16.766  mV  (on  GOST  3066 


5 

1e  optical  pyrometers  is  also  the  fact  that 
■perature  of  specim en/sa iple  not  on  all 
ccom  to  high,  but  only  that  which  is  higher 
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Tun gs ten-aoly bden ub  theraocou pies  it  Bakes  it  possible  to 
aeasure  the  teaperatures  to  2300®  K.  Of  this  best  of  the 
theraocouples  group  is  theraocouple  T&NiIChH- 1 (tungst en-aolybdenua 
froa  0.5o/c  aluainua).  It  develops  considerably  greater  eaf  in 
coaparison  with  others,  but  it  has  low  stability. 

Theraocouples  of  t ungsten-rhe nic  alloys  aake  it  possible  to 
aeasure  the  teaperatures  higher  than  25o0®  K.  These  theraocouples 
develop  high  eaf  and  possess  good  stability.  The  best  of  thea  is 
theraocouple  VR5/20.  This  ther aocor pie  already  thoroughly 

calibrated  to  the  aeltirg  pcints  of  pure  aetals  up  to  3300°  K [28]. 
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Fig.  27.  The  characteristics  of  the  uign-t eiperature  thermocouples:  1 
- PR  10/0 ; 2 - PR13/1;  3 - FE30/6;  4 - tung sten- moly bdenum;  5 - 
IsNIIfihM-1;  6 - VR3/15;  7 - VS5/20. 

Key:  ( 1)  . mV. 

Fages  44  a nd  45. 

Parts  and  assemblies  of  the  installations,  intended  for  the 
tests  of  materials  at  temperatures  are  nigfcer  than  2300°  K,  they  must 
be  made  from  the  materials  vhich  can  Leiiably  operate  at  such  high 
temperatures.  Table  1 [60]  gives  the  metallic  and  nonaetallic 
materials,  used  at  present  for  manufacturing  the  heaters,  that  work 
in  different  temperature  intervals,  in  laboratory  practice  great 
application/use  will  obtain  tungsten,  molybdenum,  tantalum  and 
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graphite  heaters  [33].  Heaters  from  nonuetallic  Materials  are  coaaon 
■ainly  in  industrial  installations. 

During  design  of  the  heater  and  the  selection  of  Material  is 
necessary  to  focus  atterticn  on  operating  temperatures,  workability 
cf  material  at  normal  temperature  and  its  Mechanical  strength  at  high 
temperatures.  From  the  laterials  indicated  good  nach inabil it y 
possesses  the  Molybdenua;  however,  in  it  low  strength  and  stability 
at  high  ta mperatures.  The  applicat ion/use  of  tantalum  is  limited 
mainly  to  its  high  cost/value. 
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*£able  1.  Materials  for  high-temperature  devices. 
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Key:  (1).  Material.  (2).  Composition.  (3).  Maximum  operating 
temperature  for  acceptatle  service  life.  < 4 ) . Recommended  working 
atmosphera.  (5).  Platinum  (wire,  strip}.  (6).  nominally.  (7).  Air. 
(8).  Alloy  of  platinum  and  rhodium  (wire).  (8a).  Molybdenum  (wire, 
band,  rod)  • (9).  At  higher  temperatures  is  shortened  service  life. 
(10).  Vacuum  5*103  mm  Hg  cf  hydrogen  with  atmospheric  or  lowered 
pressure.  (11).  Molybdenum  with  shielding  surface  layer  (rod).  (12). 
Basis  Ho-1 00  (nominally).  Coating  Pob^a  (fundamental  component). 

(13).  Tantalum  (wire,  red,  band)  . (1w).  Vacuum.  (15).  Tungsten  (wire, 

rod,  band).  (16).  Vacuum  104-10s  mi  tig,  pure  hydrogen.  (17). 
Nocmetallic  materials.  Globar  (bars,  tuues).  (18).  binder.  (19).  At 
higher  temperatures  is  shortened  service  life.  (20).  Disilicyl  of 
molybdenum  (rod).  (21).  Oxides  cr  mixture  ct  oxides  (rods).  (22).  or. 
(23).  At  temperature  above  1850  mixture  with  CeC2  gives  best  results, 
than  mixture  with  Y20j  cr  la20].  (24).  carbon  ard  graphite  materials 
(rods,  tubes,  helixes,  cut  out  from  tubes).  (25).  Vacuum,  neutral  or 
reducing  atmosphere.  (26).  Staoilizeu  dioxide  of  zirconium. 

Page  46. 

The  highest  melting  is  tungsten,  wnich  possesses  the  same 
sufficient  strength  at  high  temperatures,  bit  it  is  worked  with 
difficulty  at  normal  temperature.  Thererore  the  heaters,  manufactured 
from  tungsten,  must  have  the  simple  lorn,  which  allow/assumes  the 


' 


ifi 
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treatment  by  abrasive  tccl. 

For  applying  the  aaterial  at  high  temperatures,  has  also  value 
of  the  vapor  pressure  and  rate  of  evaporation  in  dependence  on 
teaperature.  Are  given  below  tne  maxxmum  permissible  values  of  the 
temperature  by  which  the  evaporaticn  attar  100  h does  not  exceed  1 
weight  o/o  (these  for  a cube  with  siue  ] ci  during  heating  in  high 
vacuum)  [60]. 


(V)  BoJb((>paiii  ....  2830/^PyreHH»l 2170 

/VTihtji 2670(#PojiHfi 1040 

rV  PeHMH 2650(y^\n.iaTMH* 1870 

^HhoOmh 2500 o ' Umpkohhm  ....  1710 

( 47Gcwhh 23806  ilTmaH  1380. 

/VHpMaMfi 2260/o\Xpon  1065 

(?;MojM6AeH  ....  2180 


Key:  (1).  Tungsten.  (2).  Tantalum.  (J)  . rthenium.  (4).  Niobium.  (5). 
Osmium.  (6).  Iridium.  (7).  Molybdenum,  (d)  . Ruthenium.  (9).  Rhodium. 
(10).  Platinum.  (11).  Zircoriua.  (12).  titanium.  (13).  Chromium. 

From  these  data  it  is  evident  that  for  manufacturing  of  heaters 
most  of  all  is  suitable  the  tungsten. 

Graphite  as  aaterial  fer  heaters  together  with  positive  quality 
(high  operating  temperature)  has  the  shortccaing:  from  it  it  is 
difficult  to  remove  the  absorbed  by  it  gases.  This  leads  to  its 
gradual  combustion,  and  the  releasing  products  cf  burning  interact 
with  the  material  of  spccimen/samp le. 
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The  heat  shields,  installed  around  heater,  usually  are 
manufactured  from  the  same  xaterials,  as  heater.  Are  utilized  plates 
free  tungsten,  molybdenum,  tantalua  with  a thickness  of  0.  1-0.  3 am. 
Hidest  use  received  molybdenum  shields.  Are  applied  also  shields  from 
ceramic  materials. 

Different  fasteners  (screws,  rivets,  washer)  most  frequently  are 
manufactu:  ed  from  molybdenum.  High-melting  electrical  insulating 
materials  are  utilized  for  isolation/insulation  of  the  cell/elements 
of  heater  one  from  another  and  fret  the  suriounding  parts,  and  also 
for  isclat ion/insu latio r of  the  wires  oi  thermocouples.  For  this 
purpose  are  applied  mairly  different  high-melting  oxides.  The 
high-melting  ones  are  oxides  of  thcrium,  magnesium  and  beryllium.  The 
best  electrical  indices  possesses  cxide  of  beryllium  and  furthermore 
on  strength  at  the  temperature  higher  than  1870°  K it  exceeds  all 
remaining  oxides.  However,  cxide  of  beryllium  is  very  toxic  road. 
During  the  use  of  articles  made  of  it,  it  is  required  to  take  the 
special  precautionary  measures  against  the  incidence/impingenent  into 
the  organism  of  its  dust  and  vapors.  High  tcxicity  is  the  main  reason 
being  of  limited  usefullness  of  this  oxide. 
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The  difficulties,  which  appear  during  the  use  of  magnesium 
cxide,  ara  connected  with  the  fact  tuat  this  oside  is  hydrated  with 
contact  with  water.  For  preventing  the  dehydration,  is  required 
special  high-temperature  annealing. 

Widest  application  will  obtain  alumina  (A>1203).  This  oxide  is 
aaong  chemically  most  stable  and  possesses  high  strength  at 
teaperatures  to  2270°  K.  Main  shortcoming  ic  the  aluaina  - 
ccaparatively  low  temperature  of  melting  (2288°  K) . The  aanufacture 
cf  different  articles  made  cf  alumina  (crucibles,  shielding  covers 
for  thermocouples,  auffles)  is  is  well  tamiliar  by  industry. 

Zirconium  dioxide  at  icon  temperature  is  insulator,  but  at  2270° 
K its  resistivity  is  less  than  1 Q«cm.  Inerefore  it  is  unsuitable  for 
use  as  electrical  insulator  at  high  temperatures.  However,  zirconium 
dioxide  is  a good  naterial  for  heat  shields  because  of  refractoriness 
and  low  thermal  conductivity. 

The  first  of  the  develcped  by  us  installations,  intended  for 
determining  Young's  nodclus  in  the  range  of  temperatures  from  room  to 
2000°  K,  will  be  installation  UP-3  (Fig.  28)  [2  1,  32].  Determination 
of  Young's  modulus  on  this  installation  is  based  on  the  measurements 
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of  the  resonance  frequency  cf  the  longitudinal  oscillations  of  test 
saaple. 

Speciaen/saaple  1 is  arranged  vertically  in  the  working  space  of 
the  high-tenperature  ca aera/chaaber.  Its  lccgitudinal  oscillations 
are  excited  by  nag netostr iction  oscillator  12,  on  ceranic  tip  of 
which  the  speciaen/saaple  rests  directly  by  lower  end/face.  In 
vertical  position  the  speciaen/saaple  is  supported  figure  by  plate  2. 
Elate  is  aade  froa  laair.ated  aolybdenua  with,  a thickness  of  0.1  na 
and  has  a hole  in  which  enters  the  upper  part  of  the  speciaen/saaple, 
concerning  it  at  several  points  by  side  surface.  The  oscillations  of 
speciaen/saaple  are  absorbed  by  rod  J,  attached  in  rubber  diaphragas 
5,  and  they  are  transferred  to  piezoelectric  receiver  by  4.  Signal 
frca  receiver  is  strengthened  by  amplifier  8 and  enters  the  entry  of 
oscilloscope  9.  The  windings  of  vibrator  feed  from  master  oscillator 
by  11.  Changing  saoothly  oscillator  ireguency,  is  found  this  value, 
at  which  begin  resonance  cscillaticns  or  speciaen/saaple. 
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Fig.  28.  Block  diagram  c£  installation  UP- 3. 

i 

| 

Page  4 8. 

Syntonizat ion  of  sample  is  conducted  according  to  the  maxiaun  of  the 
amplitude  of  oscillations  on  the  shield  of  oscilloscope  9.  On  the 
dial/limb  cf  the  master  oscillator,  is  produced  coarse  reading  of 
frequency.  The  precise  aeasurement  ot  frequency  obtains  during  the 
comparison  of  the  frequency  of  the  driving  oscillator  with  the 
frequency  of  heterodyne  waveaeter  10  on  Lissajcts  figures  on  the 
shield  of  electron  oscillograph  or  electronic  frequency  meter. 

S peci men /samp le  heats  in  inert  medium  ty  heater  18.  Air  from  the 
camera/chaaber  is  evacuated  by  fore  puap  13,  and  then  it  is  filled 
with  inert  gas  from  bottle  14.  Pressure  in  the  caaer  a/chamber  during 
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tests  is  kept  constant.  The  nocking  space  ol  the  caaera/chaabe r is 
heat-insulated  by  shields  17. 


Temperature  is  neasuced  in  the  ardule  cf  speciaen/saa  pie  and  in 
its  egd/faces  by  t heraocouples  15,  and  also  by  pyroaeter  7. 
High-teaperatur e earner a/chaibec  6 is  aouated  cn  laboratory  bench,  and 
together  on  strut  is  ar cange/located  entirc/all  utilized  equipaent. 


Is  below  given  the  aoce  detaileu  description  of  soae  aost 
iaportant  asseablies  of  installation  UP-3  and  of  utilized 
speciaen/saa pie. 

Vibration  exciter.  Figure  29  shows  the  cc nstruct ion/design  of 
vibration  exciter  and  the  diagram  cf  its  fastening  to  the  bottoa  of 
the  caaera/chaaber . Two-ccre  aagne tostnctc r 1 is  rigidly  welded  to 
adapter  2.  In  the  end/fece  cf  adapter,  is  inserted  tip  by  3 of 
high-aelting  ceraaics.  Pagnetostcictor  is  collected  froa  the  nickel 
plates  with  a thickness  of  0.1  an.  Natural  frequency  of  its 
longitudinal  oscillations  about  30  kHz.  The  size/di  mansions  of  the 
plates  of  aagnetostrictcr  are  designed  froa  eqaation  [59] 

tgtetgM  -*  — , (108, 

where  A-  — — (/„„  —the  natural  frequency  of  the  longitudinal 
c 

oscillations  of  the  plate:  c - velocity  of  propagation  of 
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longitudinal  elastic  wave  in  nickel  tod,  equal  to  4.76*10*  to  cm/s)  . 

The  plates  of  magnetostrictor  aie  uian ufactuced  with  ailling. 

Then  they  are  cleaned  ard  are  cemented  oy  glue  EP  into  the  bundle 
whose  area  comprises  approximately  20x20  m.  The  width  of  the  rods  of 
■agnetostr ictor  will  be  approximately  one  half  of  the  width  of  its 
window  (a  » 0.5  n)  , with  this  b - The  wicdow  of  nagnetostr ictor  is 
completely  filled  with  the  winding  from  wi re/cc p duct or  in  thickness 
approximately  0.15  mm.  Adapter  was  made  made  of  heat-resistant  steel 
in  the  form  of  cylinder  with  the  square  base  whose  area  was  equal  to 
the  area  of  the  end/face  of  vibrator.  For  the  reduction  of  the  weight 
cf  adapter  and  heat  emission  from  speciman/saaple  to  vibrator  in  the 
cylindrical  part  of  the  adapter,  is  made  the  drilling  from  the  side 
of  vibrator  so  that  the  walls  cf  cylinder  have  a thickness  of 
approximately  1 mm.  Ceramic  rod  3 (Fig.  29) , inserted  into  deepening 

on  the  end/face  of  adapter,  prevents  the  superheating  of  the  latter. 

Page  49. 

The  diagram  of  fastening  vibration  exciter  to  housing  is  shown 
cn  Fig.  29  by  dashed  line.  In  junction/unit  of  the  plane  the 
nagnetostr  ictor  is  pressed  ty  the  clamp,  drawn  to  the  bottom  of  the 

camera/chamber.  The  seal  cf  joint  is  reached  with  the  aid  of  rubber 

packing  between  adapter  and  bottom  ol  ttae  camera/chanber . 
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The  axcitation  of  the  oscillations  of  speciaen/saaple  is 
provided  not  only  in  the  region  of  the  natural  frequency  of 
■agne tostr ictor,  but  also  ever  a wide  range  cf  frequencies  (during 
installation  they  conducted  measurements  in  the  interval  of  15-50 
kHz).  Nagnetostrictor  effectively  works  without  magnetic  biasing. 

aecei ver  of  oscillations.  The  oscillations  of  speciaen/saaple 
are  recorded  by  special  device  (Pig.  30).  Sensing  element  is  plate  1 
cf  polarized  ceraaics  of  titanate  cf  oariua.  It  is  glued  to  flat 
spring  2,  attached  cantilever  on  a special  tracket.  Bracket  makes  it 
possible  to  aove  spring  with  plate  in  different  directions.  In 
operating  position  the  plate  of  titanate  of  tariun  is  pressed  by  the 
snail  force  to  the  point  cf  the  rod,  through  which  are  transferred 
the  oscillations  f roa  speciaen/saaple.  Tnis  red  is  aade 
compound/:: oaposite : its  upper  part  3 - copper,  end  lower  5 - 
■olybdenua.  This  ronstr uction/desi gn  or  rod  contributes  to  its 
effective  cooling.  The  copper  part  or  the  red  is  pressed  between 
rubber  diaphragms  4 and  washes  by  running  water. 

Heater.  Heater  is  helix  frea  tungsten  or  aclybdenua  wire  with  a 
diaaeter  of  1.0-1.  5 aa.  The  turns  cf  helix  are  isola te /insulated  one 
froa  another  and  fron  adjacent  parts  by  oeacs  of  oxide  of  aluainua. 
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For  decreasing  the  nonuci foraity  of  heating  speciaen/sample  along  tha 
length,  the  heater  drunken  of  the  vinuiug  cn:  less  frequent  in  center 
and  it  is  thicker  on  edces. 


Fig.  2 9.  Fig.  30. 

Fig.  29.  Vibration  exciter  in  installation  DP-3. 


Fig.  30.  Receiver  of  oscillations  in  installation  OP-3. 


1 
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Heater  feeds  from  autot ransforaer  19  (see  Fig.  28)  type  RHO-10.  The 
butt  end  of  the  heater  and  one  of  the  terminals  cf  autotransforaer 
are  connected  to  the  housing  of  the  nign- teipe rature  camera/chaaber . 

The  heater  of  this  construction/design  aakes  it  possible  to  heat 
speciaen/saaple  to  2000°F,  which  limits  the  application/use  of  oxide 
cf  aluainua  for  isolaticn/insulaticn  of  its  turns. 

Shields.  The  thermal  insulation  of  the  working  space  of  the 
camera/cha aber  is  reali ze/accoaplished  by  vertical  and  horizontal 
shields  from  molybdenua  and  nickel  tin.  Vertical  shields  are  the 
cylinders,  distant  one  from  another  uy  J- 4 bo.  Several  first  shields 
from  the  side  of  heater  - molybdenum,  and  otters  - nickel.  Bottoa  and 
cap/cover  of  the  c aoera/chanber  also  uava  screening.  In  shields  are 
Bade  the  holes  for  the  supply  of  thermocouples  and  measurement  of  the 
temperature  of  specimen/saaple  by  a pyrometer. 

Thermocouples.  During  installation  UP-3,  are  utilized 


tungsten-Bolybdenua  thermocouples  VNlIceraet-1  and  tun gsten-rheniu a 
VR5/2Q.  Thermocouple  wires  are  reinforced  with  a stick  made  of  oxide 
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cf  aluminum.  For  aeasurcaent  by  eof  of  thermocouples,  vas  utilized 
the  potentioaeter  of  direct  current  1o  (see  Pig.  28)  type  PP  or 
electronic  potentioaeter  EPP-G9.  The  theraccouple  junctions  concern 
the  surface  of  specimen/saaple.  The  presence  of  the  contact  between 
the  speciaen/sample  and  the  thernocouple  is  checked  on  the 
closing/sn orting  of  low-current  aoritoring  circuit. 

Housing  of  the  hig h-teiperatu re  earner  a/chaaber.  Housing  is 
cylinder  with  double  walls  and  bottom.  On  top  it  is  closed  by 
removable  cover.  The  seal  of  the  caaera/chaiber  is  achieved  by  rubber 
gasket.  Housing  and  cap/cover  of  the  earner a/cha aber  are  cooled  by 
running  water.  In  chamber  casing,  there  are  holes  for  the 
input/introduction  of  t heraccouples,  window,  which  make  it  possible 
to  aeasure  the  teaperatcre  cf  speciaen/sample  with  pyrometer,  branch 
for  the  evacuation  of  air  ard  filling  or  the  c a »er a/chamber  with 
inert  gas. 

Speciaen/sample.  Speciaen/sample  is  the  cylindrical  or  prismatic 
rod  with  a length  of  90  mm  and  by  the  transverse  size/dimensions  of 
6-9  an.  In  the  end/faces  of  speciaen/sample  alcrg  its  axle/axis, 
there  are  insignificant  deepenings,  where  enter  the  points  of  the 
ceramic  tip  of  vibrator  and  molybdenum  rod  cf  the  receiver  of 
oscillations,  thanks  to  which  the  specimen/saaple  is  supported  in 
vertical  position. 


DOC  = 73153704 


PIGE  ^ 


fb'b 


The  determination  cf  Yeung's  louulus  during  installation  UP-3 
has  a series  of  special  feature/peculiar it ies.  First  of  all 
specimen/sample,  which  is  located  in  tae  h i^h-temperature 
camera/chamber,  one  must  not  consider  rod  with  free  ends.  By  lower 
end/face  it  rests  on  tne  tip  of  vitrator,  its  upper  end/face  concerns 
receiving  pin,  and  the  lateral  surfaces  match  up  thermocouple  wires. 
The  factors  indicated  affect  the  resonauce  frequency  of 
s pecimen/sample . 

Fage  51. 

Consequently,  during  the  calculation  or  Yourg's  modulus  according  to 
the  expression,  obtained  for  a rod  with  free  ends,  this  effect  must 
be  considered. 

The  analytical  account  of  the  conditions  of  attachment  in  this 
case  is  very  difficult;  therefore  the  ptal ioirarily  fundamental 
resonance  frequency  of  specimen/sample  is  determined  during 
installation  UP-1  at  the  normal  teiperature  where  the  specimen/sample 
is  located  under  conditions,  similar  to  those  under  which  is  the  rod 
with  free  ends.  After  this  the  s pecime n/sa at p le  is  establish/installed 
for  installation  UP-3  ard  again  is  determined  its  resonance 


DOC 


781 53704 


PAGE  s*  ' 


/ 0 Lf 


frequency.  The  obtained  difference  in  frequencies  (usually  Af»0.003f) 
is  accepted  for  constant  correction  uuring  the  measurements  of 
resonance  frequency  for  the  heated  specime n/sa ■ fie.  Such  Measurements 
are  produced  in  each  speciien/samp le.  At  the  sane  time  it  is 
necessary  to  consider  the  ncnunif o tait y of  heating  specimen/sample, 
since,  in  spite  of  the  accepted  measures,  the  temperature  of  the 
end/faces  of  specimen/sample  will  usually  he  telow  the  temperature  of 
its  middle  part  by  5-10c/c. 
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Fig.  31.  The  block  diagram  cf  installation  CP-5:  1 - control 
specimen/sample ; 2 - test  specimen;  3 - detector  of  oscillations;  4 
vibration  exciter;  5 - beater;  6 - current  supply;  7 - shields;  8 - 
amplifier;  9 - cathode  oscilloscope;  10  - frequency  meter;  11  - 
master  oscillator;  12  - bottle  with  inert  gas;  13  - forevacuum  pump 
14  - variator;  15  - thermocouple;  16  - potentiometer;  17  - chamber 
casing. 

Fage  52. 


For  determining  Young's  modulus  ana  displacement  in  one 
specimen/sample  at  the  high  temperatures  in  inert  medium  we  have 
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developed  installation  CP-5  (Pig.  31).  Naa surements  on  it  are 
produced  just  as  during  installation  UP-4;  elastic  modulus  it  is 
deterained  from  the  resonance  frequency  of  transverse  vibrations,  and 
shear  modulus  - in  the  resorance  freguency  cf  torsional  oscillations. 
The  complex  of  equipment,  used  for  exciting  oscillations  and 
recording  the  resonance  frequency  in  ooth  installations  is  identical. 


The  test  speoinen  with  a length  of  70-S0  am  and  with  a diameter 
of  7-8  mm  is  hung  in  the  loops  of  filaments  in  the  working  space  of 
the  high-temperature  caiera/chamber . By  filaments  serves  tungsten  and 
molybdenum  wire  with  a diameter  of  0.  J mm. 


The  temperature  of  specimen/sample  is  determined  by  pyrometer 
and  thermocouples  15  in  middle  and  in  its  ecd/faces.  Since  to  attach 
thermocouples  to  test  specimen  is  not  impossible  (they  do  not  make  it 
possible  to  excite  the  fluctuation  oi  tue  specimen/sample  of 
sufficient  intensity),  by  tier mocowpies  is  meascred  the  temperature 
cf  control  specimen/sample  1,  which  is  located  under  subject  at  a 
distance  of  5 an.  However,  by  special  investigations  it  is 
establish/installed,  that  during  heating  of  subject  and  control  room 
cf  specine n/sanples  with  the  thermocouples,  attached  to  both 
speciaen/saaples,  their  temperature  is  identical.  Readings  of 
thermocouples  are  recorded  by  16  types  electronic  potentiometer 
EPP— 09  or  by  potentiometer  cf  a direct  current  cf  the  type  PP.  The 
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feature/ peculiar  it 
teaper at ur es.  Thei 

Exciter  and  r 
as  the  receiver  of 
ZPK-55H.  They  are 
piezoelectric  cell 
cooling. 


<f  i0  n 

s of  installation  UP-h  possess  a series  of  special 
ies  ir  connection  uitu  their  cse  at  high 
r detailed  description  is  given  below. 

cceiver  of  oscillatious  (Fig.  32).  By  exciter  1 and 
2 oscillations  serve  the  scucd  pickup  heads 
placec  in  water-cooled  housings  by  3.  The 
s of  the  sound  piesup  heads  have  additional 
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Fig.  32.  Exciter  and  receiver  of  oscillaticcs. 

Page  53. 

For  this,  to  the  holder  of  the  piezoelectric  cell,  tc  which  are  hung 
the  ends  of  the  filaments,  connected  vita  sgcciien/sample  5 is 
connected  tube  with  4,  through  vhich  is  passed  the  water.  The  housing 
cf  exciter  and  receiver  cf  oscillations  is  attached  cn  the  mobile 
bracket  which  makes  it  possible  to  change  the  distance  between 
filaaents,  to  build  up  end  to  lower  them. 

Heater.  With  installation  UP-5  can  oe  utilized  the  heaters  of 
two  constr uction/designs.  Heater  from  tungsten  cr  aolybdenum  wire  is 
siaple  on  device  and  docs  net  reguire  Special  transformer.  Tt  is  the 
helix  whose  turns  are  isclate/insulated  frci  each  other  by  beads  froa 
oxide  of  aluminum.  Helix  drunken  of  winning  cn  - it  is  less  frequent 
cn  middle  and  it  is  thicker  on  edges  - ror  providing  the  uniform 
heating  of  specie* n/sample.  Heater  is  fastened  with  its 
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branch/rem ovals  to  the  copper  water-cooled  current  supplies.  This 
heater  makes  it  possible  to  carry  out  tests  at  temperature  to  2000°K. 
This  ccnstraint  is  associated  with  used  on  it  insulating  ceramics. 

During  heating  to  the  temperatures  higher  than  2000°K,  is 
utilized  the  strip  heater  (Eig.  33).  Four  plates  5 of  laminated 
tungsten  with  a thickness  of  0. 3-0.5  mm  are  furrished  horizontally. 
They  are  fastened  with  their  ends  to  water-ccclcd  supports  3 and  7. 
Por  the  compensation  for  the  elongation  of  tungsten  plates  during 
, heating,  left  support  7 is  lade  mobile  and  is  drawn  down  by  spring  6 

cf  the  tungsten  wire.  Heater  feeds  from  transformer  CSU-40, 
controlled  by  variator  'H't'o-IO.  Test  specimen  1 is  hurg  into  space 
between  plates.  The  temperature  of  specimen/sample  is  measured  by  the 
pyrometer  through  the  slct  between  the  plates  cf  heater,  and  it  is 
also  determined  by  measurement  by  thermocouples  4 of  the  temperature 
cf  control  specimen/saa p le  2,  which  is  located  at  a distance  of  5 mm 
from  subject. 

Shields.  The  thermal  insulaticn  of  the  working  space  of  the 
camera/chanber  is  realize/accomplished  by  shields  frea  molybdenum 
tin.  The  upper  part  of  the  shields  is  removable.  This  makes  it 
possible  to  build  up  and  to  lower  t pecimen/samp le  into  the  working 
space  of  heater. 


. 
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High-  ten  per  at  ure  c aier  e/chanber.  The  h igh-teaperature 
caaera/cha aber  consists  of  the  water-cooled  plate/slab,  which  is 
covered  on  top  with  the  caF/hood,  also  water-cooled.  In  cap/hood 
there  are  three  inspection  window  for  observation  and  aeasuring  the 
temperature  of  test  speciaec  by  pytoaeter. 
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Through  the  plate/slab  [ass  current  supplies  tc  heater,  branches 
those  supplying  water  fcr  ccoiing  cf  exciter  and  receiver  of 
cscillations,  evacuatioc  cf  air,  supply  of  inert  gas, 
cogclusion/derivat ion  of  the  wire/conuuotor  s of  ther nocouples.  The 
high-tempe  rature  c amera/chambec  is  mounted  cn  separate  stand.  The 
forevacuum  pump  and  bottle  with  inert  gas  are  placed  near  panel. 

The  ietermina tion  cf  Young's  modulus  during  installation  UP-5 
differs  in  the  fact  that  during  this  installation  are  investigated 
so-called  short  test  saiples  (1/dslO).  The  calculation  of  Young's 
aodulus  according  to  expression  (7  3),  in  which  are  not  considered  the 
effects  of  displacement  and  rotaticn  of  the  cell/elements  of  rod,  it 
does  not  make  it  possible  tc  obtain  its  precise  value.  The  analytical 
methods  the  account  of  this  value  are  given  in  chapter  II;  however, 
they  require  conducting  complex  mathematical  cc iputations.  Therefore 
for  each  s pecimen/sanple  Young's  mcdulus  is  preliminarily  determined 
by  us  during  installation  UE-1  at  normal  teiperature.  Then 
specinen/sanple  is  estaklish/installed  for  the  installation  UP-5,  is 
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deterained  the  resonance  frequency  of  its  transverse  vibrations  and 
loung's  nodulus  they  design  fron  expression  (73).  The  difference  in 
values  accepts  as  constant  correction  to  the  values  of  Young's 
modulus,  obtained  at  hich  temperatures. 

Experiment  shoved  that  the  instaliat icn  cf  this 
construction/ design  as  OP-5,  is  aost  appropriate  for  deteraining  of 
elasticity  characteristics  at  high  temperatures.  The  used  diagram  of 
the  suspension  of  specimen/saaple  during  fice/thin  filaments  makes  it 
possible  to  remove  exciter  and  receiver  of  the  oscillations  of 
speciaen/saaple  which  fail  the  high  temper atures,  fron  the  heating 
zone,  but  speciaen/saaple  tc  place  in  tue  wcrkirg  space  of  heater.  In 
this  diagraa  it  is  possible  to  determine  Yeung's  modulus  and  shear 
modulus  simultaneously  in  ore  speciaen/saaple,  which  is  also 
important,  since  some  new  materials  are  ever  in  a snail  quantity. 
Furthermore,  with  obtairing  of  values  or  E and  G in  one 
speciaen/saaple  it  is  possible  to  tore  accurately  calculate  Poisson 
ratio  for  a tested  aatecial. 

On  the  basis  of  the  above  for  deteraining  cf  elasticity 
characteristics  of  high-melting  materials  at  the  high  temperatures  in 
vacuum  was  developed  the  installation  IIP-6  * (Fig.  34)  [15],  the 
operating  principle  of  which  the  sane  as  installation  UP-5. 
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FOOTNOTE  *.  Development,  adjustment  and  operation  of  installation 
OP-6  are  carried  out  by  tie  author  together  aith  V.  A.  Dreshpak. 
ENDFOOTNOTE. 

The  construction/design  of  the  most  important  assemblies  of  the 
high-temperature  camera/cha «ber  of  installation  UP-6  is  more 
advanced,  and  those  of  them,  that  are  subjected  high  temperature 
effect,  they  have  effective  coding.  Therefore  during  installation 
OP-6,  it  is  possible  to  determine  elasticity  characteristics  at 
temperature  to  3300°K. 

Fage  55. 

Installation  consists  cf  the  high-temperature  vacuum 
camera/cha aber,  the  equipment  for  the  creation  cf  vacuum  and  heating 
cf  specimen/sample,  complex  cf  equipment  fci  exciting  the 
cscillations  of  specime r/sample  and  recording  of  its  resonance 
frequency,  measurement  cf  the  temperature  at  specimen/sample, 
checking  of  evacuation/rarefaction  in  the  c amer a/chamber,  and  also 
different  signal  and  protecting  devices. 
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Fig.  34.  Block  diagram  cf  installation  UP-6.  1 - ammeter  of 

alternating  current;  2 - vcltmeter;  3 - transformer  of  the  type 

CSU-40/05;  4 - switch  of  theraocou j les ; 5 - electronic  potentiometer 

cf  the  type  EPP-09 ; 6 - potentiometer  or  the  type  PP;  7 - vacuum 

VlT-l ; 

gauge  of  type  tvisted—  1 ; 8 - fixed  current  conductor;  9 - vacuum 

'Jfrc/  L ^ ~ 

gauge  tubes  LT-2/J0  - flate/slab;  11,  18  - vertical  shields;  12,  17 
- wire  suspensions;  13  - receiver  cf  oscil laticns;  14,  15  - holders 
cf  exciter  and  receiver;  16  - vibration  exciter;  19  - aobile 
conductor;  20  - tast  specimen;  21  - control  speciaen/saaple;  22-24  - 
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thermocouple;  25  - hori2cntal  shields;  id  - heater;  27  - packing 
layer;  28,  44  - ralay  of  water  pressure;  29  - cap/hood;  30  - relay 
HKU-48;  31  - master  oscillator;  32  - amplifier;  33  - the  cathode-ray 
cscilloscope ; 34  - single-pcle  switch;  35  - scaler;  36  - heterodyne 
wavemeter;  37  - fore  puip;  38  - vacuum  tap/crane;  39  - vacum  catch; 
40  - diffusion  pump;  41  - overload  relay;  42  - ammeter;  43  - 
autotransformer;  45  - dcuble-pole  switcn;  46  - predoxran  iteli;  47  - 
signal  tube;  48  - resistance;  49  - contactor;  50  - variator 
BOT-25/10. 

Key;  (1).  V. 

Page  56. 

The  high-temperature  vacuum  earner a/chaiber  (Fig.  35)  consists  of 
vertical  plate/slab  1 and  cylindrical  cap/hcod  2,  arra nge/ located  is 
horizontal.  Cap/hood  car  be  abstract/reuoved  cn  guides,  which 
provides  free  access  to  all  internal  assemblies  of  the  camera/chamber 
and  light/lung  replacement  cf  spec imeu/sam pies.  By  most 
adeguate/a pproachi ng  are  the  cylindrical  specimen/samples  with  a 
diameter  of  6-8  mm  and  with  a length  or  18C-12Q  mm.  Test  specimen  by 
11  is  hung  during  filaments  in  the  working  space  of  heater.  Upper 
ends  of  threads  are  fastened  to  exciter  with  3 and  receiver  of  4 
oscillations  whiem  are  estaklish/instalied  cn  water-cooled  stand  5. 
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The  devices  of  the  vibration  exciter  and  receiver  are  similar  (Fig. 
36).  Driver  is  plate  1 cf  piezocer antes.  This  plate  is  attached  by 
glass  filaaent  to  holder  2.  One  of  tne  conclusicn/derivations  of 
plate  is  grounded,  and  another  conclusion/derivation  Batches  up 
wire/conductor  froa  the  aaster  oscillator  cr  aaplifier.  Holder  at  one 
end  has  hook  4,  to  which  is  hung  up  the  filaaent,  which  supports 
speciaen/saaple.  The  opposite  end  cf  the  holder  is  soldered  to  tube 
with  3.  The  passing  on  tute  water  cools  nclder,  without  naking  it 
possible  thus  to  be  superheated  for  pxezoceraaic  plate. 

As  heater  serve  four  tungsten  plates  with  a thickness  of  0.5  in 
which  with  its  ends  are  fastened  tc  the  aolybdenua  tips  of  10  copper 
current  supplies  9 and  14  (see  Fig.  35). 


I 
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Fig.  35.  High-temperature  vacuum  c aner a/ch amber  of  installation  UP-6. 

Eage  57. 

Bight  current  supply  9 is  made  motile.  During  tfce  heating  when  the 
Flates  of  heater  are  lengthened,  it  is  drawn  down  by  spring  8. 

The  working  space  cf  heater  is  encircled  ty  vertical  7 and 
horizontal  6 shields,  manufactured  from  turgster,  molybdenum  and 
nickel  tin  with  a thickness  of  0. 2-0.3  turn.  horizontal  shields  are  the 
convolute  into  cylinder  plates,  which  are  located  one  from  another  at 
a distance  of  3-4  nn.  Vertical  shields  are  assembled  from  the  flat 
sheets,  fastened  between  themselves  screw/propellers,  by  spacers  and 
nuts  from  tungsten  and  iclytdenun.  Nearest  to  beater  plates  tungsten. 
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remaining  molybdenum  anc  nickel. 

Horizontal  shields  have  removable  torward 
facilitation  of  the  installation  of  sped mer./sa 
are  holes  for  the  supply  cf  thermocouples  13  (s 
specimen/sample  12  and  three  windows  tor  the  ■€ 
temperature  of  test  specioer.  1 1 by  pyrometer.  1 
windows  with  quartz  glass  are  in  the  cap/hccd  o 

For  determining  the  teiperatuie  or  test  sp 
tungsten-r henic  thermoccup les  cf  the  mam/ brand 
thermocouple  junctions  are  attached  to  middle  a 
control  specimen/sample,  arrange/1 ccateu  under 
of  the  thermocouple  wire,  passing  through  shiel 
beads  from  oxide  of  aluiinuv. 

During  the  work  of  the  setting  up  of  the  w 
high-temperature  camera/chaiber,  the  stand,  cn 
establish/installed  the  exciter  and  tne  receive 
also  current  supplies,  intersely  they  are  cede 
Vacuum  in  the  camera/chamber  is  created  with  th 
VN-2  and  diffusion  pump  N5S.  Checking  or  evacua 
conducted  with  the  aid  cf  vacuum  gauge  VIT-1. 
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Fig.  36. 
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Fig.  37. 


Fig.  36.  Device  of  exciter  and  receiver  of  csci llaticns. 


Key;  (1).  Mater. 

Fig.  37.  Diagran  of  feeding  of  heater  during  setting  up  UP-6  by 
direct  current. 


Key:  (1).  From  npt  220  Vf  50  Hz.  (2).  Heater. 

Page  58. 

The  feeding  of  heater  is  realize/accospirs bed  frc«  the  industrial  net 
of  alternating  current  ty  vcltage  220  V through  the  gauging 
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transforaer  ROT-25/10  and  step-down  tr ansf craer  OSU-40/0.5.  During 
the  operation  of  setting  up,  noticed  that  in  the  case  of  heating 
speciaen/saaple  it  is  higher  than  2000°K,  then  on  current  supplies  it 
passes  the  current  of  the  significant  aagnitude,  different  circular 
parts,  which  encoapass  current  supplies  (nuts,  washers,  etc.),  are 
heated  by  vortex  currents.  They  take  the  place  also  of 
focusing/induction  to  w ire/conductcrs  from  receiver  to  aaplifier.  In 
connection  with  this  was  developed  tne  iiagiaa  cf  the  feeding  of 
heater  by  direct  current  (Pig.  37) . 

By  the  source  of  direct  current  serves  aotcr  generator 
AD5000/250  0 in  power  30  kti.  Output  potential  its  saoothly  is 
regulated  froa  zero  to  6 or  12  V with  the  aid  of  two  rheostats, 
connected  in  the  circuit  cf  the  excitation  windings  of  exciter  and 
generator  (RVV  and  RVG) . The  ccnditions/aode  of  heating  is  checked  by 
the  voltaeter  and  the  k iloanaeter , connected  in  the  circuit  of 
heater . 

The  use  of  heating  ty  a direct  current  will  make  it  possible  to 
get  rid  of  undesirable  phencaena  irdreated  above. 

The  general  view  of  setting  up  UP-t>  is  shewn  on  Fig.  38. 
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3.  Error  analysis  of  determining  elasticity  characteristics  during 
resonance  settings  up. 


The  accuracy/precision  of  deteraining  elasticity  characteristics 
during  resonance  settings  u{  depends  on  the  accuracy  of  the 
measurenent  of  the  values,  entering  tne  calculated  dependences,  and 
iron  accomplishing  of  those  assumptions  which  were  accepted  during 
the  derivation  of  these  calculated  dependences. 
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Let  us  estimate  at  first  the  errors,  which  occur  during 
determining  of  elasticity  characteristics. 


With  the  deterainaticn  of  Young's  modulus  in  the  resonance 
frequency  cf  longitudinal  oscillations  according  to  expression  (52) 


■axiaua  relative  error  cf  aeasureacnt  2 will  be 

E t Y f»t 

where  — • - individual  aaxiaua  relative  errors  in  values  /. 

I f V 

* / np  i 


(109) 


The  length  of  speciaen/saaples  is  measured  usually  by  vernier 
caliper  with  an  accuracy  to  0.05  u.  Specific  gravity/weight  y is 
determined  calculation  - frcm  the  weight  of  speciaen/saaple,  its 
transverse  size/di aensicns  and  length.  Speciaen/saaple  they  weigh  on 
analytical  balance  with  an  accuracy  to  0.0 / g,  and  its  transverse 
size/dimen sions  are  measured  by  micrometer  gauge  with  an  accuracy  to 
0.01  an.  In  that  case,  since 


« Y' 


. 4Q 


* 

f 


(140) 


(Q  - weight  of  speciaen/saaple),  we  have 


Y 


Q + </  "*”  jtv-r 


The  accuracy  of  the  measurement  of  the  rescnance  frequency  of 
speciaen/saaple  depends  on  the  accuracy/precisicn  of  the  utilized 
frequency  meter,  and  also  cn  the  character  cf  the  attachment  of 
speciaen/s ample  at  node,  the  type  cf  used  cf  exciter  and  receiver  of 


• — l 
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oscillations,  their  interactions  with  speciien/sample. 

With  setting  up  UP-1  as  instrument  for  frequency,  measurement  is 
applied  electronic  frequency  meter  43-3,  that  has  a maximum  error  of 
measurement  O.lo/o. 


Page  60. 


Fastening  specimen/samp le  in  nodal  section  in  the  rubber  blanket,  and 
also  excitation  and  reception  of  the  oscillations  of  the 
specimen/sample  through  a layer  of  oil  Detween  converters  and 
end/faces  of  specimen/sample  give  the  possibility  to  find  resonance 
frequency  with  maximum  relative  error  O.Jo/c.  Iedividual  relative 
errors  compose  Af/t=0.06o/o  and  Ay/y=0.35o/c.  With  such  maximum 
individual  relative  errors  a maximum  relative  error  in  the 
determination  of  Y oung  * s modulus  during  setting  up(/p-l  will  be 
AE/E  = 1 o/o. 


In  the  resonance  frequency  of  transverse  vibrations  according  to 
expression  (73)  Young's  modulus  is  found  with  this  maximum  relative 
error: 


E l d T /on 


(112) 


Maximum  relative  errors  of  measurement  of  length,  diameter  and 


1 
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specific  g ravity/veight  of  speciaen/saaple  we  have  determined  above. 
It  is  necessary  to  explain  the  accuracy  of  the  teasure lent  of 
resonance  frequency.  Since  with  settings  0P-4#  OP-5  and  OP-6 
effect  from  through  the  filaaents  from  which  is  suspend/hung  the 
speciaen/s ample,  therefore,  thickness,  length  and  material  of 
filaments,  and  also  their  arrangeaent  will  affect  resonance 
frequency.  It  is  important  to  explain  tue  degree  of  this  effect, 
since  depending  on  the  temperatures  by  unich  are  produced  the  tests, 
for  the  suspension  of  speciaen/saaple  can  be  used  the  filaaents  fron 
different  materials  (copper , n ichrcae,  iiolytdenua,  tungsten),  the 
thickness  and  the  length  of  filaaents  can  he  different  ones. 

Me  have  investigated  the  effect  of  the  factors  indicated  on 
resonance  frequency.  Experiments  are  conducted  during  specimen/saaple 
aade  of  steel  45  and  suspensions  aade  or  cepper,  tungsten  and 
aolybdenua . 
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Table  2.  Resonance  frequencies  of  s peciuien/saap  les  (kHz)  aade  of 
different  Materials  wit  I different  thickness  of  the  filaaents  of 
suspension . 


(f)  MtTfpNa.t 

d,  MM 

(k2)  Koje6«NHa 

(3)  (V 

nonepfMHbte  KpyTH.ibHue 

if)  Meib 

0.1 

3,602 

15,863 

ID  To  we 

0.3 

3.579 

15,858 

/^yMojiH6aeH 

0,3 

3.547 

15,843 

- f/Bojib4>paM 

0.3 

3.538 

15,844 

Key:  (1).  Naterial.  (2).  Oscillations.  (3).  transverse.  (4).  torsion. 
(5).  Copper.  (6).  The  sane.  (7).  Nclybdenua.  (8).  Tungsten. 

Page  61. 

During  filaaents  of  one  naterial  of  identical  thickness,  the 
resonance  frequency  of  transverse  anu  torsicnal  oscillations  is 
■easured  five  times,  and  its  mean  value  is  introduced  into  table 
(^hble  2).  Proa  the  results  of  measurements,  it  is  evident  that  with 
an  increase  in  the  thread  diaaeter  insignificantly  is  decreased  the 
frequency  and  increases  the  scatter  of  the  values  of  various 
Measurements,  tfith  the  suspension  cf  speci  >en/saaple  on  aolybdenua 
and  tungsten  filaaents,  the  measure d r eson acce  frequency  is  lover 
than  on  copper  ones.  Thickness  and  material  of  filaments  more  greatly 
affect  the  resonance  frequency  of  transverse  vibrations,  than  torsion 
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ones.  K.  A.  Bessonov  and  0.  F.  Stankevich  [9],  that  investigated  the 
effect  of  the  copper  suspensions  of  different  diameter  on  the 
resonance  frequency  of  tiansverse  vibrations  of  brass 
specimen/sample,  also  will  arrive  at  a similar  conclusion. 

In  sp ec in en/s ample  made  of  steel  45  we  have  investigated  another 
effect  of  the  length  of  the  filaments  cf  suspensions  on  resonance 
frequency.  The  length  of  suspensions  is  selected  to  the  proportional 
length  of  longitudinal  waves  in  filament  at  frequencies  corresponding 
to  the  resonance  frequencies  of  transverse  and  torsional 
oscillations.  It  was  establ ish/instailed#  that  the  length  of 
filaments  does  not  substantially  affect  the  resonance  frequencies  of 
transverse  and  torsional  oscillations.  The  same  results  were  obtained 
independent  of  us  by  B.  A.  Cvsyannikov,  is.  A.  Kurganov  and  D.  V. 
Lebedev  [4  2]. 

In  literature  are  contradictory  data  on  the  effect  of  the 
arrangement  of  suspension  points  on  the  rescnance  frequency  of 
s peci men/s  ample. 
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labia  3.  T*»e  resonance  frequencies  ot  tne  oscillations  of 
sp«cia«n/s ample  (kHz)  with  different  arrangement  of  the  filaaents  of 
suspension. 


0) 

KoJiefttHMa 


HU 


(c?)  Piccto.mnt  OT  Topaa  o«p»ua.  mm 


nohepeiNue  3.601  3.603  3.602  3.603  3,604  3.603  3,603  3,603 


3.602 

3.603 

15,869 

15.864 

V0  2V* 


3.602  3.602 


2 15.869  15.862  15.871  15.865.  15.963 


Key:  (1).  Oscillations.  (2).  Distance  froa  end/face  of 
speciaen/sample , nn.  (3).  Transverse.  (4).  lorsion. 

FOOTNOTE  *.  The  assenbly  of  transverse  vibrations  is  located  at  a 
distance  of  22  an  fron  cnd/face.  E NDFOOTNO  7 E. 

Page  62. 

Thus,  A.  S.  Matveyev,  Ye.  Kh.  Bipp  and  L.  S.  Freynan  [39]  confirm 
that  a change  in  the  distance  between  suspensions  does  not  affect  the 
resonance  frequency  of  s peciaen/sa npie,  nut  in  work  [9]  is  made 
cpposite  conclusion. 

He  have  measured  the  resonance  trequencies  of  transverse  and 
torsional  oscillations  during  steel  specimec/sa nple  and  copper 
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suspensions  d-0.1  an  in  different  positions  of  suspension  points  - 
froa  the  end/face  of  speciaen/saap le  to  the  asseably  of  transverse 
vibrations.  The  obtained  results  (Tattle  J)  shot*  that  the  resonance 
frequencies,  aeasured  in  different  positions  of  suspension  points, 
have  deviations,  which  lie  at  liaits  of  accuracy  of  aeasureaents. 
Thus,  there  are  no  foundations  for  strictly  standardizing  distance 
froa  end/face  to  suspension  point. 

let  us  assuae  that  the  resonance  frequency  of  transverse 
vibrations  is  deterained  with  aaxiiua  relative  error  by  0.  3o/o,  and 
let  us  take  the  values  cf  individual  relative  errors,  found  earlier, 
then  we  will  obtain  that  a aaxiaua  relative  error  in  the 
deterainat ion  of  Young's  aodulus  is  equal  tc  1.2o/o. 


During  the  deter ainaticn  of  shear  aodulus  froa  the  resonance 
frequency  of  torsional  oscillations  (according  to  expression  (55)),  a 
■axiaua  relative  error  in  deteraination  5 is  expressed  by  the  foraula 


i2_24'+!'+2‘'. 

a i T 7 T 


(1 13) 


Expression  (113)  ccapletely  ccinciues  with  expression  (110), 
what  is  the  consequence  of  the  siailarity  cf  calculated  dependences 
(55)  and  (52).  In  that  case,  with  the  ootaiced  above  aaxiaua 
individual  relative  errcrs,  a aaxiaua  relative  error  in  the 
deteraination  of  shear  aodulus  is  equal  to  lo/c. 
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For  deteraining  the  aaxiaua  relative  error  in  the  Poisson  ratio, 

let  us  record  expression  (4)  in  the  fora 

H-0,5£G-'— 1.  (114) 

Since  p is  function  E and  G , let  us  determine  first  a aaxiaun 

absolute  error  in  this  function: 

An=0,5G-lA£+0,5£G-aAG.  (115) 


Converting,  we  obtain 


■V=O.SfO-(f+£) 

ve  error  in  the 

v °Mf+D 


(116) 


Ihen  a aaxiaua  relative  error  in  the  deter  Bination  of  Poisson  ratio 


0,5  EG~l  — 1 


(117) 
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Free  expression  (117)  it  follows  that  the  accuracy/precision  of 
the  deters ination  of  Poissor  ratio  depends  cn  the  accuracy /precision 
of  deterai nation  E and  C.  Fcr  exaaple,  if  the  values  of  Young's 
acdulus  and  shear  modulus,  aeasured  with  aaxiaun  relative  error 
2.5o/o,  are  satisfactory  ones,  then  during  the  deter  Bination  of 
Poisson  ratio  aaxiaua  relative  errer  reaches  24o/o,  which  is 
completely  inadaissible.  If  Poisson  ratio  is  designed  froa  the  values 
of  the  aodule/aodu li  of  elasticity  E ana  G,  aeasured  with  aaxiaua 
relative  error  lo/o,  then  a aaxiaua  relative  error  in  the 


f 
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determination  p (for  aolybdenua)  is  equal  tc  80/0. 

Let  us  pass  to  estimation  of  error,  connected  with  accoaplishing 
cf  assuaptions,  accepted  during  the  derivation  of  calculated 
dependences. 


Expression  (52)  for  deteminirg  the  modulus  of  elasticity  froa 
the  resonance  frequency  of  the  longitudinal  oscillations  of 
speciaen/saaple  does  not  consider  the  inertia  of  the  transverse 
notion  of  the  parts  of  the  tod.  By  Rayleigh  is  derived  correction  to 
account  for  this  phenomenon.  Por  a rod  with  free  ends,  the  effect  of 
the  inertia  of  transverse  action  ccnsists  cf  an  increase  in  the 
period  of  oscillations  cf  the  first  tone  in  the  following  sense: 

,:(1  + ^).  '■  <"«< 


where  r - a radius  of  cross  section. 


Talcing  into  account  the  correction  of  Rayleigh,  we  obtain 
expression  for  determining  young's  modulus  trca  the  resonance 
frequency  of  longitudinal  oscillations  in  tie  fora 

4/*T,  /.  . 


, M,+3rEv's£  *«•* 


It  is  necessary  to  note,  however,  that  the  values  of  Young's 
aodulus,  calculated  taking  the  correction  irto  account  and  without 
its  accomt,  diffar  insignificantly,  so,  on  the  data  of  work  [31], 
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for  the  steel  rod  whose  length  10  times  greater  than  diameter, 
difference  in  values  E does  not  exceed  0. 1c/c. 


During  the  derivation  cf  expression  (73)  for  determining  Young's 
modulus  from  the  resonance  frequency  of  transverse  vibrations  is 
taken  into  attention  only  fcrward  motion  of  cel  1/element  dx,  both 
rotary  inertia  and  its  displacement  they  disregard.  This  expression 
makes  it  possible  to  obtain  a precise  value  of  Young's  modulus  only 
in  long  specimen/samples.  However,  in  connecticr  with  the  fact  that 
experience/testing  specimen/samples  at  nigh  temperatures,  on  a whole 
series  of  reasons  they  approach  that  so  that  the  specimen/samples 
would  be  as  shorter  as  possible,  it  is  necessary  to  know,  in  what 
ratios  £/i  of  the  specimen/sample  c£  tuts  deviation  of  the  values  of 
Young's  modulus  from  actual  value  they  beccae  considerable  in  order 
to  use  more  precise  calculated  re lationsni p/ratios. 

\e  64. 

Sue.  nvestigation s were  carried  out  by  V.  A.  Kuz'menko  [30]  in  the 
steel  specimen/samples  which  have  i /u-2. 74-22. 1 1.  Beginning  with 
setting  up  UP-1  at  all  specimen/samples  was  measured  the  resonance 
frequency  of  longitudinal  oscillations  and  according  to  erpression 
(52)  is  calculated  the  value  of  Yocng's  modulus.  As  it  was  shown 
above,  the  value  of  Yourg's  modulus,  determined  according  to  the 
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resonance  frequency  of  the  longitudinal  oscillations  of  test  sample, 
barely  depends  on  the  ratio  £/d,  in  consequence  of  which  this  value 
cf  Young's  modulus  was  accepted  as  real-  Then  during  setting  up  OP-4 
at  all  specimen/sa mple s was  measured  the  resonance  frequency  of 
transverse  vibrations  and  according  to  expression  (73)  is  calculated 
the  value  of  Young's  modulus. 

In  Fig.  39  curve  1 shews  the  dirterence  in  the  percentages 
between  the  values  of  Yeung's  modulus,  ootained  in  one  and  the  same 
speciaen/saaples  in  the  resonance  frequency  cf  longitudinal  and 
transverse  vibrations,  since  speciien/samp les  bad  different  ratios 
2/d,  then  in  essence  curve  1 shows  a change  in  the  relative  error  in 
Young's  modulus  during  his  calculation  in  expression  (73)  depending 
on  ratio  J/d.  Curve  1 visually  shows  that  for  the  specimen/samples, 
which  have  £/d  = 10-15  which  frequently  ace  utilized  in  practice,  a 
relative  error  in  the  determination  of  Young's  modulus  is  very 
considerable  (2-5o/o)  . 

Work  [30]  shows  also  how  to  calculate  Young's  modulus  the 
resonance  frequency  of  transverse  vibrations  taking  into  account  the 
rotary  inertia  and  displacement.  Per  obtaining  V.  A.  Kuyz'menko's 
calculated  relationship/ratios,  proposes  to  utilize  a simpler 
differential  equation,  than  that  that  is  given  in  S.  P.  Timoshenko's 
book  [61]  and  in  other  sources.  The  equation,  V.  A.  Kuz'menko's 


r 


DOC  = 781  53704  P AG  E -VST  , 


proposed. 

takes  the  fora 

n^y  mr  diy 

d*y_0. 

(120) 

dx*  'dx-dP 

+ d^ 

Here 

, El  , E 
= - = rj  - ; <»  « 

pS  p 

1 -t-a  + P). 
h 

where  h - 

coefficient,  depending  on 

the  fora  of 

cross  section. 

fig.  39.  Dependence  of  lagnitude  of  ercor  ic  the  deter aination  of 
Young*  s aodulus  froa  ratio^/d. 


Fage  65. 

The  frequency  equation,  which  corresponds  tc  expression  (120),  will 

fce  . 

1 / t v\  ' i'p'  ’«•*’  *■' . j’ ‘ 

chVco«»( (- shy$in*/*»n;  > (121) 

2\»  V TW  - 

where 

f , , / •* 


o 1 / ,0  , / «*  . 1 

r~xr>l  "2  + l 4+^:; 

'-"WTf+Si- 


(122) 

(123) 
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Through  equation  (121)  is  found  value  x and  then  they  calculate 

= (124) 

After  substituting  foraula  (12%)  into  expression  (72),  is  found  the 
value  cf  Young's  aodulus.  ofctained  in  tuis  nay  cf  the  value  of 
Young's  aodulus,  they  are  shown  on  Pig.  39  (curve  2).  Ose  of  aore 
coaplex  differential  equation  gives  close  results  (Pig.  39,  curve  3). 
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Fage  66. 

Chapter  IV 

ELASTICITY  CHARACTERISTICS  OF  REFRACTORY  METALS  AND  OF  ALLOYS  AT  HIGH 
TEHFEBATUaES. 

From  known  at  present  metals  cniy  a few  have  high  melting 
points.  This  is  a numbei  cf  the  transition  metals,  which  are 
characterized  by  the  high  strength  of  interatcmic 

conmunicat ion/connect  ions  (Fig.  40).  Name  itself  "high-melting"  thus 
far  is  not  yet  completely  determined.  fregucntly  the  high-melting 
cnes  are  considered  all  metals  the  melting  joint  of  which  is  higher 
than  1 805° K (melting  point  cf  iron)  [52J,  atd  scmetimes  only  those 
the  melting  point  of  which  is  higher  than  2670°K;  tungsten,  rhenium, 
tantalum,  osmium,  molybdenum,  niobium,  iridium.  From  the  enumerated 
aetals  most  widely  are  utilized  tungsten,  mclytdenum,  niobium  and 
tantalum  (the  so-called  larce  tetrad),  which  because  of  their  high 
melting  point  and  sufficient  abundance  are  prcaising  ones  during  the 

creation  of  structural  materials  fcr  a work  about  very  high 
temperatures. 
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fable  4.  Fundamental  physical  char actecxst  ics  ol  refractory  aetals 


[52,  62,  70]. 


^ / ) ♦uSMieCMI  XapjKT*f)HCTNK4 
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('}}  Atomhuh  HOMep 

1 41 

73 

42 

74 

(i)  AtomhmA  nee 

92,91 

180.95 

95.94 

183.85 

M)  AtomhuA  oObeM 

.10.8 

10,9 

9.41  . 

9,53 

(5)  Me.ayaroMHoe  paccronHHe.  A 

2.859  ! 

2,859 

3.1403 

3.1583 

(L)  AtomhwA  paflHyc,  A 

i 1.45 

1.46  - 

1.40 

1.4! 

(7)  Inn  k pHciajt.iHqccKoA  peuieTKH 

OUK 

• OUK 

•OUK 

OUK 

( £■>  Kos!j)(}iHUHeHT  ynpyroii  aniuoTponMH  J 
( a"!  Koi(j)(j>HUMeHT  repMHqecKoro  pacuiH- 

0.49 

1,58 

0,906 

1.008 

pcHMfl  npN  293'  K.  «-10-6 

7.1  - 

6.6 

5.44 

4.45 

6o1  rijlOTHOCTb,  KljM*'  10"^ 

8,57 

166 

10.20 

19,23 

(a)  TeMneptTvp*  iui^bjichkn,  °K 

i 

2770 

3270 

2880 

3650 

Key:  (1).  Physical  characteristic.  (2).  Atcaic  auaber.  (3)..  Atonic 


weight.  (4).  Atonic  volume.  (5).  Interatomic  distance,  A.  (6).  Atoaic 

O 

radius,  A.  (7).  Type  of  crystal  latti.ce.  (8).  Ccefficient  of  elastic 
anisotropy.  (9).  Thermal-expansion  coefficient  cf  293°K,  a*10“». 

(10).  Density,  kg/m3«10-3.  (11).  Melting  pcint,  °K. 
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Table  4 gives  some  fundamental  physical  characteristics  of  these 
aetals.  The  observed  similarity  in  the  properties  of  tungsten  and 
molybdenum,  and  also  of  nictiua  and  tantalus  is  determined  by  the 
uniformity  of  the  structure  of  their  electrcn  shells,  since  the 
aetals  indicated  are  the  ce 11/eleaents  of  the  identical  groups  of  the 
periodic  system  of  D.  I.  Mendeleyev  (tf.  Mo  - VI  group,  Nb,  Ta  - V - a 
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group).  Elasticity  characteristics  are  not  exccption/elimination  from 
this  general  law;  therefore  below  they  will  be  exaained  respectively 
in  each  pair  of  these  aetals. 


It  is  necessary  to  note  tnat  the  puysiccaechanical  properties  of 
real  aetal  depend  to  a considerable  extent  cn  the  aethod  of  its 
obtaining,  purity/finish  and  state  (work-hardened,  annealed, 
recrystallized).  Since  the  refractory  aetals  under  industrial 
conditions  are  obtained  by  the  aethoas  of  pcwder  netallurgy  (although 
recently  is  already  familiar  their  melting  in  arc  and  electron-beaa 
furnaces),  the  values  of  elasticity  characteristics  of  the  aetal  of 
different  production  can  differ.  Ccaparanle  can  be  only  such  values 
E,  G,  fj,  which  are  measured  one  and  tne  same  dynamic  method  in  the 
speciaen/sanples  of  one  compositions  ana  states. 


Together  with  the  application/use  of  refractory  aetals,  which 
have  industrial  purity/finish  and  fiuding  in  pclycrystalline  state, 
expands  the  field  of  application  of  parts,  lancfactured  from  the 
single  crystals  of  these  aetals.  It  is  est ail ish/installed , that  the 
single  crystals  of  the  tucgsten,  molybdenum  and  other  refractory 
aetals  in  the  state  of  high  purity/finish  dc  net  lose  plasticity  up 
to  the  temperature  of  liquid  helius  [52].  The  modern  crystal  taking 
into  account  elastic  anisotropy  has  the  only  system  of  elastic 
constants.  For  cubic  crystals,  for  exaapie,  a nuaber  of  elastic 


f 
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constants.  For  cubic  crystals,  for  exdi^le,  a number  of  elastic 
constants  is  egual  to  three.  The  value  of  Yeung's  modulus  and 
displacement  in  single  crystal  will  aepeud  cn  the  direction  of  their 
measurement.  The  values  of  Young's  modulus  and  displacement  can  be 
calculated  according  to  the  values  or  elastic  constants,  and  vice 
versa  [36J. 
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Fig.  40.  Change  in  the  lelting  point  of  trarsition  metals  in 
dependence  on  their  position  in  periodic  system. 


Key:  ( 1) . Group. 
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All  this  oust  be  taken  into  consideration,  if  the  determination  of 
the  nodule/moduli  of  the  first  and  second  kind  is  produced  in  the 
speciaen/sanples,  manufactured  from  single -crys tal  blanks. 


At  present  considerable  ef for t/torces  are  directed  toward  the 
development  of  different  alloys  of  refractory  metals.  In  alloys  it  is 
possible  to  obtain  such  successful  coabinaticn  cf  different 
properties,  which  possesses  not  one  pure  metal.  However,  still  it  is 
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not  possible  to  previously  calculate  tna  composition  of  such  alloy 
which  has  the  required  properties.  Precise  information  about  the 
properties  of  alloy,  including  about  elastic  properties,  can  be 
obtained  only  as  a result  of  experimental  investigations. 

1.  Tungsten,  molybdenum  and  their  alloys. 

Tungsten.  Conducted  in  receut  years  numerous  investigations 
showed  that  of  the  refractory  metals  of  "large  tetrad"  the  tungsten 
possesses  the  best  strength  properties  at  high  temperatures.  Even  at 
2300°K  short-term  strength  cf  tungsten  reaches  about  100  N/mm2  f 46  3- 
At  room  temperature  bot h cast  and  sintered,  the  tungsten  is  brittle. 
The  high  temperature  of  transfer/transition  fees  brittle  state  into 
plastic,  that  reaches  in  tungsten  cf  570-77C°K,  creates  large 
difficulties  during  the  manufacture  rrom  it  of  different  parts.  To 
shortcomings  in  the  tungsten,  one  should  relate  also  its  high 
oxidizability  during  heating  in  air,  anu  also  high  density. 

depending  on  the  method  of  obtaining,  the  specific 
gravity/weight  of  this  metal  varies  witnin  the  limits  with  165-138 
kN/m3  [57].  On  Young's  modulus  of  tungsten  at  the  normal  temperature 
in  the  literature,  most  frequently  are  given  V.  Roster's  data  [79] 
(B=407  GN/m*) which  were  obtained  by  measuring  the  resonance  frequency 
cf  transverse  vibrations  cf  specimen/samples.  n . G.  Lozinskiy  [33] 
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will  determine  by  a similar  method  Young's  sodulus  of  ceraet  tungsten 
(E=386  GN/az).  By  other  researchers'  majority  wfco  carry  out 
aeasureaents  in  the  specinen/saaples  of  the  ceraet  tungsten  of 
different  porosity,  were  obtained  the  values  of  the  aodu le/aodulus  of 
the  normal  elasticity  E=344-412  GN/m*  [34,  1 2,  €3,  73,  82]. 

He  have  carried  out  the  aeasureaents  cf  Yeung's  modulus  of 
ceraet  tungsten  of  the  tark/brand  cf  VBN  of  the  production  of  Moscow 
electric  bulb  plant  (specific  grav  ity /veig  ht  181-184  kH/ns)  [45]. 
Speciaen/saaples  are  made  froa  the  rods  with  a diameter  of  8 n by 
machining  external  surface  cn  grinding  machine  with  the  subsequent 
facing.  Tae  results  of  aeasureaents  wj.il  shew  that  the  elastic 
modulus  of  this  metal  at  the  reem  tempera t t ie  E=390  GN/m*. 
Extrapolation  of  the  values  cf  Young's  modulus  for  poriferous 
tungsten  for  zero  porosity  cn  the  data  of  work  [34]  gives  Es407 
GN/a*. 

Page  69. 

The  value  of  Young's  modulus  have  determined  we  and  V.  A.  Dreshpak 
in  specime n/saaples  made  cf  the  cast  tungsten,  saelted  in 
electric-arc  furnace,  and  also  the  tungsten,  which  passed  cathode-ray 
reaelting  [14,  22].  Ingcts  were  subjected  tc  plastic  deformation  at 
the  high  temperatures  and  tc  annealing  in  vacuum.  Speciaen/saaples 
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are  aade  f roi  the  rod  with  a diameter  or  1C  am  by  aachiniug  on  lathe 
with  the  following  by  grinding  eaery  paper.  Ycucg's  modulus  of  the 
spcciaen/saaples  aade  of  tungsten,  aauurac tur« d froa  the  ingots  of 
electric  arc  reaelting,  will  render/show  egual  to  407  GN/a2,  and 
obtained  f roa  the  ingots  of  cathode-cay  reaelting  - 404  GN/m2. 

Much  less  than  infcraation  is  about  tie  acdulus  of  shear  of 
tungsten.  On  measurement  data  of  V.  hoster  [75],  in  tungsten  at  the 
normal  temperature  G=148  GN/m2.  In  later  works  are  given  the  values, 
close  to  that  indicated  [62].  The  cermet  tucgsten  of  the  aark/brand 
cf  VRN  on  data  of  our  measurements  has  shear  modulus  at  the  normal 
temperature  G=145  GN/a2,  while  in  the  cast  tungsten  G=160  GN/a2. 

The  Poisson  ratio  cf  tengsten,  accordirg  tc  V.  Roster's  data 
[79],  is  equal  to  0.30.  This  value  is  given  fer  tungsten  and  in 
handbooks  [62,  63],  although  tne  value  of  tie  Ecisson  ratio  of 
tungsten,  calculated  in  the  values  or  hrs  moduli  of  elasticity,  by 
specific  V.  Koster,  is  equal  to  C.37.  On  measurement  data  by  A.  B. 
lyashchenko  [34]  the  Poisscn  ratio  or  tungsten  p=0.31. 

The  calculated  by  us  in  the  values  of  the  mcduli  of  elasticity 
value  cf  Pcisson  ratio  cf  cermet  tungsten  cf  the  mark/brand  of  VRN  is 
equal  to  0.34,  and  the  cast  tungsten  - 0.26.  In  pulled  tungsten  wire 
the  value  of  the  moduli  of  elasticity  depends  to  a considerable 
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extent  on  diameter  and  temperature  or  annealing  [1,  56].  The  value  of 
Young's  modulus  varies  lithin  the  limits  of  147-372  GJt/m2,  while  that 
of  shear  modulus  - within  the  limits  of  137-177  GN/m2.  P.  Wright  [1] 
investigates  in  detail  the  elastic  properties  of  single-crystal 
tungsten  wire  with  a diameter  of  0.9  u.ui.  He  will  establish  that  the 
crystals  of  tungsten  arc  aliost  isotropic.  Differences  in  the  elastic 
properties  of  crystals  are  very  insignificant  (less  than  0.2o/o). 
Regarding  P.  Wright,  Young's  modulus  of  single-crystal  tungsten  wire 
is  equal  to  386  GN/m2,  and  shear  acdulus  - 150  GN/m2.  B.  Chalmers 
[68]  will  give  tha  value  of  the  modulus  of  ncrial  elasticity  of  the 
single  crystals  of  tungsten  in  directions  [111]  and  [100],  equal  to 
368  GN/m2,  while  that  of  shear  modulus  - 150  GN/m2  will  make  the 
conclusion  that  in  this  metal  was  inherent  the  isotropic  elasticity. 
V.  A.  Dreshpak  will  determine  elasticity  characteristics  of  the 
single  crystal  of  tungsten  in  the  test  sample  with  a diameter  of  7 mm 
and  with  a length  of  73  mm  at  room  temperature.  The  preparation  for 
s pec i nen/s ample  produces  as  follows. 

The  grown  single  crystal  mechanically  is  worked  on  plain 
grinding  machine  and  is  polished  by  diamond  disk. 

Page  70. 


Such  obtained  thus  test  sample  was  subjected  to  chemical  etching  in 
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the  3o/o  opening  of  percxide  of  hydrogen  with  the  snail  addition  of 
aaaonia  for  relieving  the  surface  work  nardening.  As  a result  of 
etching  over  an  entire  surface  cf  s pec  risen/ samp le,  was  removed  the 
layer  nith  a thickness  cf  C.1  am.  The  crystallographic  orientation  of 
the  longitudinal  axis  of  specinen/sample  is  determined  by  X-ray 
method.  X-ray  photographs  are  remove/taken  trcn  fixed 
s pecimen/sanple,  in  this  case,  is  applied  tie  miission/radiation  with 
continuous  spectrum  acccrding  to  tie  Laue  X-ray  method  during  setting 
up  U<JS-60  with  mclybdenum  tune.  In  the  investigated 

specimen/sample  the  longitudinal  axis  composes  16°  with  direction 
[100].  Young's  modulus  cf  this  specimen/3ample  will  prove  to  be  equal 
to  390  GN/n2,  while  shear  modulus  - 158  GN/a2.  The  designed  by  the 
values  of  moduli  of  elasticity  Poisson  catic  was  equal  to  0.24. 
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-^rable  5.  Elasticity  characteristics  or  tungsten  at  different 
temperatures. 
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[79],  by  H . G.  Lozinskiy  at  temperature  to  1470°K  [33],  and  recently 
fcy  G.  Braun  and  F.  Armstrong  [73]  at  temperature  to  2670°K.  In  a 
pulse  manner  of  the  value  of  Young's  modulus  cf  tungsten  mere 
determined  by  B.  Bernstein  at  temperature  tc  1470°K  [72],  and  F. 

Lowry  and  A.  Gones  - to  3L070°K  [82].  By  us  together  with  V.  A. 
Creshpak  also  were  measured  the  values  of  Yeung's  modulus  of  cermet 
tungsten  of  the  mark/brand  cf  VPN  [45]  and  of  cast  tungsten  [14,  22] 
at  high  temperatures.  The  ottained  temperature  dependences  of  Young's 
modulus  and  their  value  through  every  100  dec  during  heating  are 
given  in  ^*able  5.  In  essence  is  observed  a cood  agreement  of  values 
cf  Young's  modulus  of  tingsten,  our  obtained  by  different 
researchers,  and  data  on  all  temperature  range  (Fig.  41). 
Exception/elimination  represent  only  the  results  of  work  [73], 
according  to  which  even  for  normal  temperature  the  value  of  Young's 
modulus  of  tungsten  comprises  more  tnan  500  GN/m2. 


From  those  obtained  hire  data  it  toilets  that  the  difference 
between  the  values  of  Yeung's  modulus  of  cast  and  cermet  tungsten, 
that  occurs  at  normal  temperature,  is  maintained  at  high 
temperatures.  The  general  character  of  the  temperature  dependence  of 
Young's  modulus  of  tungsten  is  not  connected  fcith  the  method  of 
obtaining  the  metal.  Hith  an  increase  in  the  temperature  of  Young's 
modulus  in  tungsten,  sneothly  is  depressed  to  1770-1870°K  (that  it 
comprises  and  then  it  falls  more  intensely.  At  high 
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teafe  rat  ures  the  tungsten  retains  the  high  value  of  Young*s  mod  ulus. 
So,  at  247 0°K  Young*s  modules  of  cecaet  tungsten  of  the  aark/brand  of 
VRN  is  equal  to  £4 5 GN/a2,  i.e.,  it  is  more  than  in  steel  at  rooa 
teaperature. 
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Fig.  41.  The  dependence  of  Young's  nod ulus  cf  tungsten  on  temperature 
according  to  different  authors;  1 - [79J;  2 - [72];  3 - [82];  cast 
tungsten;  4 - cathode-ray  remelting  [14];  5 - electric  arc  reuelting 
[22];  cermet  tungsten;  6 - [34];  7 - [33];  8 - [45], 

Key:  ( 1)  . GN/m2 . 

Fage  72. 

The  aodulus  of  shear  of  tungsten  with  an  increase  in  the 
temperature  changes  on  the  same  lavs,  as  Yccng's  modulus.  This  one 
can  see  well  from  Fig.  U2,  there  are  given  the  temperature 
dependences  of  the  aodulus  cf  shear  of  tungsten,  obtained  by 
different  researchers,  and  the  results  of  ctr  cwn  measurements.  The 
values  of  the  modulus  of  shear  of  the  cornet  and  cast  tungsten  at 
different  temperatures  are  given  in~f4ble  5. 


1 


The  calculation  o£  the  Foisson  tdtio  o t tungsten  conducted  in 
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the  values  of  Young's  Modulus  and  displacement  shows  that  it  barely 
changes  with  an  increase  in  the  temperature  fJTatle  5). 

Measurements  described  above  cf  the  moduli  of  elasticity  of 
tungsten  at  high  temperatures  were  earned  cut  in  poly  crystalline 
speciaen/s anples.  V.  A.  Dreshpak  will  determine  the  values  of  the 
moduli  of  elasticity  at  high  temperatures  it  s p < cinen/sa mple  made  of 
single-crystal  tungsten.  Measurements  tney  ccnduct  in  the  same 
specimen/sample,  in  which  already  were  measured  these  module/moduli 
at  normal  temperature,  lie  obtained  values  cf  Yeung's  modulus  and 
displacement  of  a single  crystal  of  tungsten  are  represented  in  Fig. 
43.  After  comparing  the  temperature  uependences  of  the  meduli  of 
elasticity  of  single  crjstal  and  pclycrystal  cf  tungsten  (Fig. 

41-43),  it  is  possible  to  draw  the  conclusion  that  they  differ 
somewhat  frem  each  other.  In  single  crystal  the  moduli  of  elasticity 
are  decreased  more  evenly  with  heating  on  all  temperature  range  and 
the  intensity  of  an  incidence/drop  in  tnem  is  less  than  in 
polycrystal.  1 

From  that  examined  it  is  possible  to  draw  the  conclusion  that  in 
tungsten  at  high  temperatures  the  mouuir  of  elasticity  are  retained 
higher  than  in  any  refractory  metal  wnicn  at  normal  temperature  has 
moduli  of  elasticity  higher  than  in  tungsten  (omnium,  iridium, 
rhenium  and  ruthenium).  Kith  an  increase  in  the  temperature,  an 
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incidence/drop  in  the  acduli  of  elasticity  cf  these  aetals  occurs 
faster  than  in  tungsten  [79], 

For  describing  the  teaperature  dependences  of  the  nodule/nodu li 
cf  the  elasticity  both  tungsten  and  other  fire  aetals,  by 
researchers'  series  were  proposed  dineient  eapirical  expressions. 
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Fig.  42.  The  dependence  of  the  aodulus  of  sfceac  of  tungsten  on 
tenpeoature  according  tc  different  authors:  1 - [72];  2 - [82];  3- 
cast  tungsten  (cathode- ray  reaeltirg)  [14];  4 - [38];  cernet 
tungsten;  5 - VRN  [45]. 

Key:  (1).  GN/a*. 

Fage  73. 

For  ex  an  pie,  Hayes  as  early  as  1923  [56]  gave  the  expressions  which 
describe  the  temperature  dependences  of  the  noduli  of  elasticity  of 
the  first  and  second  kind  cf  the  ac nocrystalline  tungsten  wires: 


Et  = £o\ 

(T'-TV-**' 

{ T,  j ’ 

(•25) 

Gf  = Gn  I 

iT  -T\0Xi 

(126) 

\ Tt  j ' 

where  t,  - eeltiag  point,  °K;  B„  and  U0  - respectively  the  value  of 
Young's  nod ul us  and  displacement  at  temperature  of  0°K;  Er  and  Gr  - 
respectively  the  value  cf  Yeung's  noaulus  and  displacement  at 
tenperature  T°K . 
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Carried  out  by  us  calculatious  showed  that  only  expression 
for  shear  aodulus  gives  satisfactory  agree «ent  with  experimental  data 
at  low  tea peratures.  For  the  values  of  young's  todulus,  a good 
agreement  of  calculatior  data  with  experiaental  ones  is  obtained 
according  to  the  expression 


Et 


(127) 


Molybdenum.  Molybdenum  - refractory  metal  which  most  frequently 
applies  for  aanuf acturi rg  of  parts,  workers  at  high  temperatures. 
Although  it  is  inferior  to  tungster  according  to  the  melting  point 
and  high-temperature  strength,  for  those  cases  when  operating 
temperatures  do  not  exceed  1970  - 23oO°h,  pee dc ■ inantly  is  utilized 
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Fig.  43.  Dependence  of  loung's  nod  ulus  and  displacenent  of  the  single 
crystal  of  tungsten  on  temperature. 

Key:  (1).  GN/a*. 

Fage  74. 

This  is  explained  to  the  mainly  fact  that  the  iclybdenun  in 
comparison  with  tungsten  possesses  auch  smaller  specific 
gravity/ve ight  (10Q  kN/t3),  but  its  aacninicg  dees  not  represent 
difficulties,  since  the  teaperature  of  its  transfer/transition  into 
brittle  state  is  close  tc  toon. 

Molybdenum,  as  tungsten,  possesses  the  high  values  of  the  moduli 
cf  elasticity.  On  measurement  data  of  V.  Kcster  [79],  Young's  modulus 
cf  mclybdanum  at  room  temperature  is  egual  to  329  GN/m *.  The  values 
cf  Young's  modulus  of  molybdenum,  obtained  ty  ether  researchers,  are 
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within  the  limits  of  31C-333  GN/n2  [1,  43,  34,  €3]. 

In  work  [63]  for  the  aclybdenua,  ootaired  fcy  the  methods  of 
powder  aetallurgy,  is  irdicated  Young's  modulus,  equal  to  314  GN/a2, 
and  for  the  cast  aolybdenua  - 317  GN/n2.  E.  N.  Haraer  [38]  on  the 
basis  of  the  analysis  of  the  available  data  on  Young's  modulus  of 
aolybdenua  at  normal  temperature  recommends  the  utilizing  of  for 
calculations  his  value,  the  equal  to  317  GK/a2.  He  have  carried  out 
the  measurements  of  Yourg's  modulus  or  tne  molybdenum  of  the 
mark/brand  of  KRN,  prodccticn  of  Moscow  electric  bulb  plant  (specific 
gravity/weight  98-  100  kR/a5  [20].  Specimen/s  amp  les  for  investigation 
are  manufactured  from  the  reds  with,  a diameter  of  8 an  via  aachining 
on  lathe  and  annealing  they  do  not  undergo.  The  specific  at  normal 
temperature  value  of  Young's  modulus  of  these  specimen/saaples  will 
prove  to  be  equal  to  322  GN/m2.  Young's  modulus  of  cast  molybdenum  on 
the  measurements,  carried  out  by  V.  A.  Dreshpak  during  setting  up 
UP  -6  [14],  is  also  equal  to  322  GN/a2. 

For  the  modulus  of  shear  of  aclybdenua  in  the  literature,  are 
given  the  values  from  120  tc  124  GN/m2  L 38  , 66  ].  In  the  aolybdenua  of 
the  aark/brand  of  HRN,  the  shear  modulus  on  the  data  of  the  our 
measurements  is  equal  tc  12  1 GN/a2  [20],  while  in  that  cast,  on 
aeasureaent  data  of  V.  t . Dreshpak  [14],— 119  GM/a2. 
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According  to  literature  data,  the  Poisson  ratio  of  aolybdenua  is 
egual  to  0.31  [52]  and  0.324  [66].  Tne  calculated  by  us  value  p in 
the  values  of  Young's  acdulus  and  displace  sent  in  the  aolybdenua  of 
the  aark/brand  of  HFN  is  egual  to  0.32,  out  in  that  cast  - 0.34. 

The  given  higher  ttan  inforaation  aoout  elasticity 
characteristics  of  aolyldenua  were  obtained  in  s pec  iaen/san  pies  in 
the  fora  of  rods.  In  the  aclybdenua  wares  of  value  their  soaewhat 
different.  For  pol ycrys tall ine  aolybdenua  wire  with  a diaaeter  of 
0.5-1.  0 aa  were  obtained  values  of  Young's  lodulus,  equal  to  250-292 
GN/a*  and  325  GN/a*f  while  for  single-crystal  - 291  GH/a*  [63],  Shear 
aodulus  in  polycrystalline  aolybdenua  wire  with  a diaaeter  of  0.041 
aa  according  to  work  [1]  is  egual  to  135-15C  GN/a*,  and  in 
single-crystal  wire  by  diaaeter  0. 03^>5  aa  - 179  GN/a*. 

On  the  data  Cf  h-d-  Aleksandrov  and  T.^Ryzhovaya  [2),  in  the 
single  crystal  of  aolybdenua  the  nodulus  of  ncraal  elasticity  in  the 
direction  [111]  is  equal  to  294  GN/a2,  in  tie  direction  [110]  - 313 
GN/a*  and  in  the  direction  [100]  - 347  UN/a*. 

Fage  75. 

Ey  V.  A.  Dreshpak  were  deterained  the  cuar acter istics  of  elasticity 
of  the  single  crystal  of  aclybdenua  in  the  test  saaple  with  a 
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diameter  of  8 ■■  and  with  a length  or  90  mm.  The  manufacture  of 
specimen/sample  made  of  the  grown  single  crystal  of  aolybdenua  and 
the  definition  of  its  orientation  is  produced  just  as  spec imen/saaple 
■ade  of  the  single  crystal  cf  tungsten.  As  chemical  etchant  was  used 
aqua  regia.  In  ready  specimen/sample  the  longitudinal  axis  composes 
angle  of  3--6°  with  directicn  [111],  Young's  modulus  of  this 
specimen/sample  at  normal  temperature  will  render/show  285  GN/m2  of 
the  modulus  of  displacement  - 104  GN/m2. 

The  measurements  of  Young's  modulus  of  molybdenum  at  high 
temperatures  by  resonance  method  were  carried  cut  by  V.  Roster,  who 
will  determine  its  values  at  temperature  of  1070°K  [ 79  ].  This  same 
method*  n.  G.  Lozinskiy  »ith  colleagues  uuring  setting  up  1^8^  will 
measure  Young's  modulus  cf  molybdenum  at  temperature  to  1470°K  [33]. 

B.  A.  Kalugin  and  1.  G.  Mikhaylov,  utilizing  a pulse  method, 
will  conduct  measurements  at  temperature  to  2S7C°K  [19].  Their 
results,  and  also  results  cf  other  researchers  who  conduct  similar 
research,  were  represented  in  Fig.  44.  is  observed  the  sufficiently 
good  agreement  of  the  results  of  all  measurements,  carried  out  by 
resonance  method,  including  obtained  by  us  and  V . A.  Droshpak  for  the 
cermet  molybdenum  of  the  mack/brand  of  NRN  [20]  and  cast  [14].  The 
values  of  Young's  modulus  of  cermet  and  cast  molybdenum,  and  also 
modulus  of  shear  and  Poisson  ratio,  obtained  by  us  at  different 
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temperatures,  are  given  in  ^rable  6. 


Pigure  45  depicts  the  teipereture  dependence  of  the  aodulus  of 
shear  of  aclybdenum,  constructed  according  to  the  data  of  different 
researchers  and  the  results  of 


our  aeasureaents. 
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Fig.  44.  The  dependence  of  Young's  modulus  cf  nolybdenua  on  the 
tenperature:  1 - [79];  2-  [33];  3 -(.19];  4 - cast  nolybdenun 
(electric  arc  renelting)  [14];  5 - [34];  7 - cast  nolybdenua  [63], 
Cecnet  nolybdenua;  6 - [20];  8 - [63]. 

Re*;  (1).  GN/n2 . 

Fage  76. 

Fron  the  figure  one  can  see  that  the  character  cf  the  sane  its  as  the 
corresponding  dependence  of  Young's  modulus  of  this  netal.  The  value 
of  the  aodulus  of  shear  ct  iclybderum,  deternined  by  pulse  method  at 
high  tenperatures  [19],  alsc  differs  froa  its  values,  obtained  by 
resonance  aethod. 

Table  6 shows  that  the  values  of  Poisscn  ratio  barely  change  on 
all  investigated  tenperature  range.  The  detect i nation  of  the  values 
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c£  the  moduli  of  alasticity  at  high  temperatures  in  specimen/sample 
■ade  of  the  single  crystal  cf  molybdenum  is  carried  out  by  V.  A. 
Dreshpak.  Is  utilized  tie  sale  specimen/samp le , in  which  were  carried 
cut  the  measurements  of  the  values  or  elasticity  characteristics  at 
normal  temperature.  The  findings  o|  a cnange  in  Young's  modulus  and 
displacement  of  the  single  crystal  or  molytcenui  with  an  increase  in 
the  teaperature  are  represented  in  Fig.  46.  The  character  of 
temperature  dependences  E atd  G has  aucu  in  ccamon  with  the  character 
cf  the  corresponding  dependences  in  the  single  crystal  of  tungsten. 
The  decrease  of  Young's  modulus  and  aodulus  of  shear  of  the  single 
crystal  of  molybdenum  passes  approximately  with  identical  intensity 
in  all  teaperature  interval. 


DOC  = 78153705 


PAGE  


/(eO 


'•^hble  6.  Elasticity  characteristics  of  aolytdenua  at  different 
teaperatures. 
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Key:  (1).  Teaperature,  °K.  (2).  Nclybdenun  ceriet.  (3).  Holybdenua 

cast  (electric  arc  melting).  (4).  GN/ra*. 


Fage  77. 

The  intensity  of  an  incidence/drop  iu  the  acduli  of  elasticity  in  the 
single  crystal  of  aolybdenua  is  less  than  in  pclycrystal,  moreover  in 
aolybdenua  this  differerce  in  intersities  is  greater  than  in 
tungsten,  what  is,  probably,  by  the  consequence  of  its  higher  elastic 
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anisotropy  (see  Fig.  44  and  46) . 

Fcr  the  temperature  dependence  ol  Young's  todulus  of 
polycrysta llin,e  molybdenum  cf  louni  [44J  it  mill  propose  the 
ex  pression 

£,  = £oll-K(7-273)],  (128) 

mhere  T - temperature  according  to  the  absolute  scale;  E„  - value  of 
Young's  modulus  with  0°F. 


Value  K is  within  tie  limits  fcy  d.OJO  1-0.GC02.  Equation  (128)  is 
satisfied  well  only  on  the  first  section  of  texperature  dependence 


(to  1570°K ) . By  analogy  with  tungsten  roc  tie  temperature  dependence 
cf  the  mod ule/modu 1 i of  the  first  ana  second  kind  of  molybdenum,  more 
greatly  are  suitable  the  expressions  or  the  form 
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Fig.  45.  The  dependence  cf  the  modulus  of  shear  of  .olybdenum  on 
temperature  according  tc  different  authors:  1 - cast  molybdenum 
(cathode-ray  remelting)  [14];  i - [ly];  j - [2C]:  u - [UUJ;  5 - , 
•olybdenum  [63];  6 - ceiaet  molybdenum  [u3]. 

Key:  (1).  GH/m*. 


Fig.  46. 


Dependence  of  Jcung's  modulus  and  displacement  of 


single 
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Page  73. 

Alloys  of  tungsten  and  molybdenum.  At  present  in  the  USSR  and 
abroad  intensely  are  conducted  the  developments  of  alloys  on  the 
basis  of  tungsten  and  mclyfcdenum.  There  is  infciaation  [52]  that 
alloy  W - 15o/o  alloy  He  exceeds  or  strength  the  unalloyed  tungsten 
with  temperature  to  247C°K.  In  practice  will  obtain  thus  far  great 
distribution  tungsten  fusions  with  molybdenum,  although  it  is  already 
created  and  lore  compound  alloys  - tripie  and  sc  forth.  The  strength 
picperties  of  these  alleys  are  investigated  thus  far  still 
insufficiently  in  detail,  but  the  experimental  data  on  their 
elasticity  characteristics  there  is  no  at  ncrmal  and  high 
temperatures  generally. 

By  the  author  together  with  V.  A.  Ureshpak  were  determined 
elasticity  characteristics  cf  the  tungsta n- »c ly bdenum  alloys  of 
different  composition  in  the  range  of  temperatures  of  283-2970°K. 
These  alloys  were  melted  in  electric-arc  vacuum  furnace.  Then  ingots 
were  subjected  to  plastic  deformation  at  high  temperatures. 
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The  aoduli  of  elasticity  of  the  alloy  cf  one  compositions  are 
■easured  in  two-three  s{€cimen/saapl©s.  The  average  values  of 
elasticity  characterist ics  of  all  investigated  tungsten-molybdenum 
alloys  at  normal  temperature  are  given  in  Table  7.  From  this  table  it 
follows  that  the  value  cf  Yeung's  vodulus  and  displacement  of  each 
alloy  is  proportional  tc  the  content  in  it  cf  tungsten.  The  linear 
dependence  of  the  aoduli  of  elasticity  on  tie  ccntent  of  components 
in  tungsten-molybdenum  alloys  (Fig.  47)  is  explained  those,  that  the 
tungsten  and  molybdenum  possess  the  identical  type  of  crystal  lattice 
whose  parameters  differ  altogether  only  to  C.57c/o,  and  is  formed  one 
with  another  the  continuous  number  or  solid  solutions.  At  high 
temperatures  the  aoduli  of  elasticity  of  tungsten-molybdenum  alloys 
are  determined  on  installations  UP-5  ana  UE-6.  Ihe  obtained 
temperature  dependences  cf  Young's  modulus  in  the  alloys  of  different 
composition  are  represented  on  Fig.  4 a,  and  modulus  of  shear  - on 
Fig.  49. 

Table  7.  Elasticity  characteristics  of  tungsten-molybdenum  alloys. 


(0 

COCTM  (IJlin.  IT.  % 

(1) 
f.  r«iM • 

O.  Th/jt* 

W4-5?  Mn 

40) 

157 

0.27 

W -1-20.8  .Mo 

389 

152 

0,27 

W-f  39.5  Mo 

372 

147 

0,27 

W+50,1  Mo 

362 

142 

0,28 

W 4-60.1  Mo 

350 

139 

0.27 

W 4-79.5  Mo 

389. 

123 

0.32 

2 

Key:  (1).  Composition  of  alloys,  at.$S.  (2).  H/m  . 
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with  an  increase  in  the  temperature,  the  moduli  of  elasticity  in  all 
alloys  are  decreased  first  slowly  (approximately  to  0.5  Tva),  and 
then  are  faster.  On  temperature  dependences  of  shear  modulus,  this 
change  in  the  rate  of  at  incidence/drop  in  tie  value  of 
■odule/aod ulus  is  noticeably  less  clearly  ttan  tc  temperature 
dependences  of  Young's  icdulus. 

By  V.  A.  Dreshpak  are  also  determined  the  characteristics  of  the 
elasticity  of  tungsten  fusicn  with  rnenium  in  the  range  of 
temperatures  of  2903-297C°K.  At  rocm  temperature  this  alloy,  which 
contains  27  weights  o/o  rhenium,  has  Young's  modulus  404  H/m*, 
mcdulus  of  shear  154  H/m*  and  these  calculated  in  two  values  Poisson 
ratio  - 0.  30. 

The  values  of  the  moduli  of  elasticity  with  hiqh  temperatures  of 
alloy  H*27 o/o  He  are  represented  on  Fig.  5C.  Frcm  this  figure  it  is 
evident  that  a change  ir  Yeung's  icdulus  and  shear  modulus  with  an 
increase  in  the  temperature  according  to  the  character  of  curves 
recalls  a change  in  them  in  pure  tengsten,  hut  the  intensity  of  this 
change  in  this  alloy  is  more.  This  is  connected,  probably,  with  the 
effect  of  the  rhenium,  khose  moduli  oi  elasticity  with  heating  are 
decreased  much  faster  than  in  tungsten. 
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components  in  tungsten- 


the  moduli 
■c 1 y fcdenum 


cf  elasticity  on  the  content  of 
a Hoys. 


Key:  (1).  H/m*.  (2).  No,  at.  o/o. 


tungsten-molybdenum  alleys:  1 - H*5.^o/o  No;  2 - H»20. 8o/o  Ho;  3 - 
M09.5o/o  Ho;  4 - W*50.1c/o  No;  5 - »*7y.5c/o  He. 


Key:  (1).  H/m* 
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Examining  the  tenperature  dependences  o i Young's  modulus  and  modulus 
ot  sheac  of  tungsten,  mclybdenum  and  their  alleys  which  were  obtained 
by  dynamic  resonance  method  it  is  possible  to  note  that  their 
character  was  identical.  They  all  ta*e  the  torn  of  descending  curved 
with  bend  in  region  of  temperatures  0.5  T The  sane  law  governing  a 
change  in  the  moduli  of  elasticity  is  Observed  also  in  the  majority 
cf  other  metals,  if  measurements  ace  produced  by  dynamic  resonance 
■ethod  [ 79  ]. 


The  bends  on  of  the  curved,  showing  dependence  moduli  of 
elasticity  on  temperatuic,  can  expeess  either  change  of  the  strength 
of  interatomic  connecticns  in  crystal  lattice  or  course  in  the 
material  of  relaxation  pcccesses  at  this  temperature  and  with 
loading.  In  the  latter  case  during  tne  measurement  of  the  moduli  of 
elasticity  at  the  more  high  freguency  ol  their  value  they  will  be 
obtained  above,  since  the  effect  of  relaxation  processes  will 
manifest  itself  to  a lesser  degree. 

Exponential  in  this  respect  is  the  comparison  of  the  temperature 
dependence  of  Young's  modulus  of  the  moiybdcnum,  obtained  by  us 
resonance  method  (frequency  on  the  order  of  5 kHz),  with  the 
temperature  dependence  cf  Yeung's  mouulus  cl  this  metal  f 1 1 3# 
obtained  by  pulse  method  (frequency  on  the  order  of  5 Bflx).. 


Fig.  49.  The  dependence  of  shear  ecdulus  on  temperature  in  the 
tungsten-nolybdenue  alleys:  1 - W*?.2u/o  No;  2 - W*20.8o/o  Ho;  3 
39.5o/o  Ho;  4 - H*50.1o/o  Ho;  5 - M*7*.Sc/o  He. 


Key:  (1).  H/n*. 


270  070  ton  1470  1070  2270  2070  T*0 

Pig.  50.  Dependence  of  the  aoduli  of  elasticity  on  temperature  in 
tungsten-r henic  alloy. 

Key:  (1).  H/m*. 

Page  81. 


DOC  = 781 53706 


PIGE 


Eoth  dependences  are  given  in  Pig.  51.  Proa  this  figure  it  is  evident 
that  on  the  curved  teaperature  dependence  cf  Yeung's  modulus, 
obtained  at  lore  high  frequency,  there  rs  net  discontinuity  in 
teaperature  range  0.5  T although  it  has  curvilinear  character. 


Thus,  it  can  be  assumed  that  the  presence  cf  the  bends  on  curves 
cf  teaperature  dependences  cf  the  louulr  of  elasticity,  obtained  by 
resonance  aethod  at  teaperature  0.5  Tu,  in  tungsten,  aolybdenua  and 
their  alloys  is  connected  with  the  relaxation  processes,  which  take 
place  at  this  teaperature,  vhich  in  turn,  are  connected  with  the 
behavior  of  grain  boundaries,  since  on  the  teaperature  dependences  of 
the  single  crystals  of  tungsten  and  aolybdenua  such  bends  are  not 
observed. 
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Page  82. 

As  corjf irmation  of  this  can  serve  the  resalts,  obtained  in  work  [7]. 
Ey  the  authors  of  this  work  were  obtained  tte  temperature  dependences 
cf  Young's  modulus  of  aluminum  (99.99o/o  Al)  in  different  structural 
states.  Investigations  are  carried  out  oy  resonance  dynamic  method  in 
ere  aqd  the  same  specimcn/sample,  laving  at  first  single-crystal 
structure,  then  the  polygcnized  and  finally  pclycrystalline 
coarse-grained.  The  polygcnized  structure  was  obtained  by  compressive 
strain  (1o/o)  along  the  azle/axis  cf  single-crystal  specimen/sample 
[110]  with  the  subsequent  annealing  in  vacuum  with  870°K  for  1 h. 
Coarse-grained  polycrystalline  structure  was  obtained  via  the 
annealing  of  the  polygotized  sped  men/samples,  additionally  deformed 
by  bend  and  again  rectified.  With  an  increase  in  the  temperature  in 
the  single  crystal  of  aluminum,  is  observed  the  steady  decrease  of 
Young's  modulus  (on  Pig.  52  shown  a change  in  proportional  value 
I, Ho).  To  300°K  the  character  of  change  in  the  temperature  dependence 
cf  Young's  modulus  is  identical  for  all  three  structural  states  of 
aluminum. 

At  higher  temperatures  the  decrease  of  Yourg's  modulus  occurs 
■ ere  intense  than  less  icdern  is  tie  material  of  sped  men/  sample.  A 
similar  character  of  curved  temperature  dependence  of  Young's  modulus 
of  aluminum,  which  is  feund  in  different  structural  state,  in  the 
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cf inion  of  the  authors  cf  acrk  [7],  is  coqnccted  with  the  increase  of 
the  role  of  inelastic  pbcnciencn  cr  interfaces. 

2.  Niobiua,  alloys  of  niobium  and  tantaiua. 

Niobium.  Aaong  the  refractory  aetals  of  "large  tetrad"  the 
niobiua  occupies  special  [lace.  Although  the  Belting  point  of  its  is 
lcuer  than  tungsten,  tantaiua  and  aoiybdanui,  it  possesses  this 
coabination  of  properties,  that  ic  aany  instances  to  it  is  loosened 
the  preference  before  these  aetals.  especially  valuable  is  its  low 
capability  for  neutron  capture.  This  property  in  coabination  vith 
saall  theraal  conductivity,  good  beat  resistance  and  high  life  in 
aater  and  in  aolten  aetals,  such  as  potassiua,  sodium,  lithium,  being 
heat  carriers  in  atomic  reactors,  uiii  make  niobiua  by  irreplaceable 
material  for  nuclear  poter  engineering. 

The  valuable  qualities  of  niobiua  are  its  sufficiently  high 
strength  and  plasticity  at  the  norial  and  elevated  tea  pe  ra  ture  s,  and 
also  louer  than  in  other  refractory  aetals  cf  "large  tetrad", 
density.  On  heat  resistance  in  the  interval  of  temperatures 
1300—1 400° K,  niobiua  is  barely  inferior  to  iclybdenua  in  the 
ccld-worked  state  and  scaeuhat  exceeus  it  ic  recrystallized  state 
[17]. 
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Eage  83. 

Niobiua  is  worked  well  at  ccci  ten^aratore  which  is  caused  by 
its  low  temperature  of  transfer/tcansition  frea  plastic  into  brittle 
state.  During  heating  it  air,  the  riobiua  is  oxidized;  however,  it  is 
considered  that  the  protlea  of  an  increase  in  the  oxidation 
resistance  of  niobiua  is  cc rsiderat ly  sraplec  than  the  problea  of  an 
increase  in  the  oxidation  resistances  or  aclykdenua  and  tungsten, 
which  fora  relatively  lcw-selting  anu  volatile  oxides  [ 5 ]. 

The  enumerated  above  series  cf  the  properties  of  niobiua  shows 
that  this  aetal  is  a premising  structural  xaterial  for  aany  branches 
cf  technology.  In  connection  with  this  to  the  study  cf  niobiua  in 
recent  years  is  given  considerable  attenticc.  Are  carried  out 
ruaecous  investigations  cf  its  physicomech ar ica 1 properties.  Soae 
data  given  in  works  [ 17,  38,  41,  50],  show  that  are  observed  the 
considerable  disagr eeme rts  as  results  or  aeascreaents  of  the 
physicoaechanical  properties  of  niobiua,  obtained  by  different  by 
researchers,  aoreover  d isagreeaent s concern  not  only  the  structurally 
dependent  properties,  stch  as  the  limit  of  strength,  but  also 
structurally  independent  variables,  as  tor  instance,  the  moduli  of 
elasticity.  Table  8 gives  the  encountered  in  the  literature  values  of 
characteristics  of  elasticity  of  niobiua  at  norxal  temperature,  and 
also  shows  purity/f inisfc , state  of  aetal  anc  applied  aethod  of 
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measuring  the  moduli  of  elasticity.  Foe  young's  modulus  of  niobium, 
mere  obtained  the  values  from  85  tc  157  H/n2.  The  highest  value  of 
the  modulus  of  normal  elasticity  of  uiooium  oltained  in  V.  Roster* s 
early  work  [78].  The  purity  of  the  metal  which  it  uses,  was  not 
known.  Data  it  considerably  differ  from  those  that  were  obtained 
during  tha  subsequent  years.  As  they  correctly  note  I.  M . Nedyukha 
and  V.  G.  Chernyy  [40],  in  later  his  work  [79]  V.  Roster  gives  as 
tabulated  data  of  H.  Reycnods  [86],  considering  them  closer  to  real 
ones. 


The  lowest  value  of  Young's  mcdulus  for  the  niobium  [85  H/m2 
will  obtain  R.  Tottl  [90]  by  the  static  method  which,  as  is  known, 
insufficiently  was  precise.  The  conducted  by  ether  researchers  [41] 
cf  measurement  this  same  by  method  will  oec  cite  the  already  higher 
value  of  Young's  modulus  in  niobium  - 112  E/m2.  G.  V.  Zakharovoyp 
with  colleagues  [17]  it  was  establ isn/inst alls d,  that  quenching 
increases  the  value  of  the  modulus  of  elasticity  of  niobium.  In  metal 
in  deformed  and  recrystalli2ed  state,  it  is  equal  to  108  H/m2,  but  in 
that  harden/tempered  - 122  E/m2. 


R.  Begli  [41]  reveal/detected  tnat  the  value  of  Young's  modulus 
cf  niobium  depends  on  the  medium  in  which  ate  produced  the 
measurements.  In  air  obtained  the  value  of  Young's  modulus  of 
niobium,  equal  to  112  H/m2,  and  in  vacuum  - 122  H/m2.  Any 
explanations  of  the  teamens  for  this  disagreement  ran  n are  brought. 
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Table  8.  Elasticity  cha racteristics  oi  niobium  with  normal 
te ape rat ure. 
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(18).  Dynamic.  (19).  D.  Livesi.  (20).  B.  Uegli.  (21).  Dynamic  (in 
vacuum).  (22).  Dynamic  (in  air).  (23).  A.  I.  Dashkovskiy,  Ye.  A. 
Savitskiy.  (24).  Dynamic  resonance.  (25).  G.  V.  Zakharov  et  al.  (26). 
Deformed.  (27).  Recrystalli2€d.  (26).  Hacdsc/tcmpered.  (29).  D. 
Laverti,  6.  Evans.  (30)  . F.  Osterman.  (31)  . I.  H.  Nedyukh,  V.  G. 

Chernyy.  (32).  N.  D.  Tarasov,  R.  A.  Ulianov.  (33).  A.  D.  Mikhaylov. 

« 

(34).  A.  B.  Lyashchenko.  (35).  F.  Armstrong,  G.  Braun.  (36).  A. 
Ereshpak.  (37)  . It  is  acnealed  in  argon. 

Fage  85. 

lie  have  determined  Youcg's  modulus  of  compact  and  poriferous 
niobium,  obtained  by  the  methods  of  powuer  ictallurgy  (P=10o/o).  In 
niobium  there  are  impur ity/admixtures:  tantalum  0.25o/o,  carbon 
0. 14o/o,  silicon  to  O.OSo/o  cf  iron  Q.02o/o.  Gas  analysis  is  not 
conducted.  Measurements  ace  produced  in  specimen/samples  in  the 
rcnannealed  state. 

On  the  data  of  our  measurements.  Young's  modulus  of  compact 
niobium  is  equal  to  103  H/m2,  and  poriferous  * 78.5  H/m2.  Niobium  the 
passed  electric  arc  remclting,  has  Young's  modulus  102  H/m2. 
Determined  by  V.  A.  Dreshpak  [13]  Young's  modulus  of  the  niobium, 
serened  tighter  to  cathcde-ray  remclting,  mill  render/shov  equal  to 
110  H/m*. 
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Thus,  in  niobiua  if  observed  consider  a tie  scatter  in  the  values 
c£  the  nod  ulus  of  nonal  elasticity  witu  rccm  temperature.  Por  the 
■odulus  of  shear  of  this  tetal,  there  is  a considerably  saaller 
quantity  of  experimental  data,  than  roc  Young's  nodulus. ; however, 
even  for  it  are  indicated  tie  values,  which  differ  one  from  another. 
Thus,  for  instance,  on  the  leasureieuts  of  f.  Reynolds  [86],  of  i.  of 
R.  Nedyukhya  and  V.  G.  Chernyy  [40]  the  modulus  cf  shear  of  niobiun 
is  equal  to  37.2  H/m2,  I.  I.  Dashkcvsxo^o,  Ye.  A.  Savitskiy  [12]  - 
40.6  H/m2,  V.  Koster  [7S]  - 53  H/a2,  but  on  handbooks  [62,  63]  - 86.5 
H/m2.  The  determined  by  us  the  nodulus  of  shear  of  compact  niobiua  is 
equal  to  38.2  H/a2. 

Per  the  Poisson  ratio  cf  niobiua  in  the  literature,  are 
encountered  values  0.30  [50],  0.35  [79],  0.38  [ 34,  86],  0.  398  f 40  ]. 

It  should  be  noted  that  in  a series  of  works,  fer  example  [53],  for 
niobiua  are  indicated  such  values  cf  Young's  icdulus,  the  aodulus  of 
shear  and  Poisson  ratio,  which  do  not  satisfy  the  knewn 
celationsh ip/ratio  between  these  values  for  an  isotropic  material.  A 
change  in  the  modulus  of  nctaal  elasticity  cf  niebiua  during  heating 
is  investigated  by  T.  Khil  [67]  at  temperature  to  770°K,  Hazelton 
[77]  - to  820°K,  R.  Begli  [41]  to  1070°K,  by  H.  G.  Lozinskiy  and  by 
G.  V.  Zakharova  [17]  and  A.  B.  Lyashcheuko  [34]  - to  1470°K,  N.  D. 
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Tarasov,  H.  A.  Ulianov,  Ya.  D.  Mikhaylov  [58]  tc  1300°K,  P. 

Arastronoga  and  G.  Brauc  [70]  to  2070°K,  P . Osterman  [85]  to  2270°K. 

The  curves  of  temperature  dependences  different  authors'  data  are 
shown  on  Pig.  53.  In  this  sane  figure  is  given  obtained  by  us 
temperature  dependences  cf  Young's  modulus  cf  ccapact  niobium  and 
niobiua  of  electric  arc  reaclting  at  temperature  to  1870°K,  and  also 
the  obtained  by  V.  A.  Dreshpak  temperature  dependences  of  Young's 
modulus  of  the  niobiua,  subjected  to  cathode-cay  reaclting  at 
temperature  to  2470°K.  Table  9 gives  their  values  through  every  100 
deg  during  heating.  Although  almost  all  ootaincd  temperature 
dependences  of  Young's  aodulus  differ  troa  each  other,  it  is  possible 
to  note  which  majorities  on  then  shews  a very  stall  chanqe  of  the 
aodule/aod ulus  in  the  range  of  teapeLatures  frea  rooa  to  1470°K. 


Page  86. 

In  this  temperature  interval  of  the  value  ct  Yeung's  aodulus  of 
niobiua  not  only  they  ace  not  decreased  as  in  the  majority  of  aetals, 
but  soaetiaes  even  soeevhat  they  gcow/nse.  It  is  higher  than 
temperature  of  1470°K,  accoiding  tc  data  ouc  investigations  and 
results,  obtained  V.  A.  Dreshpak,  values  of  Young's  aodulus  begin 
slcwly  to  be  depressed.  By  us  it  was  also  cstablish/installed  by 
measurements  on  compact  niobium,  that  tne  shear  modulus  in  this  aetal 
behaves  similarly  (see  Fig.  53). 
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On  the  nature  of  this  peculiar  change  in  the  modulus  of 
elasticity  of  niobiua  with  an  increase  in  temperature,  are  at  present 
several  points.  In  wort  [17]  is  presented  tie  hypothesis  that  similar 
behavior  of  niobium  can  be  caused  by  the  presence  in  it  of 
interstitial  impurities  (Mainly  oxygen),  which  at  high  teiperatures 
enter  in  solid  solution  and  strengthen  intecatcmic  connections  of 
niobiua.  This  assumption  is  confirmed  by  saybclt's  data  [87]  about 
the  fact  that  the  solubility  of  oxygen  in  niobium,  which  is  found  in 
solid  state,  considerably  they  increase  with  an  increase  in  the 
temperature.  On  an  increase  in  the  values  ct  the  modulus  of 
elasticity  with  an  increase  in  the  oxygen  content  in  the  analog  of 
niobiua  - tantalum,  testify  the  experimental  data  [76],  given  to  Fig. 
54. 


F.  Armstrong  and  G.  Braun  [70]  explain  the  character  of  a change 
in  Young's  modulus  of  niobium  during  heatirg,  being  based  on  results 
cf  measuring  the  modulus  of  elasticity  of  the  single  crystals  of  this 
metal. 
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Pig.  53.  Dependence  of  the  lodali  of  elasticity  of  niobiua  on 
temperature  by  different  authors'  subject.  Ycunq's  nod  ulus;  1 - [70]; 
2 - niobiua  deforced  [17];  3 - niobium  recrystallized  [17];  4 - 
niobiua  harden/tempered  [17];  5 - r ionium  compact  [20];  6 - niobiua 
poriferous  [20];  7 - nicbiua  of  electric  arc  remelting  [13];  8 - 
niobiua  of  cathode-ray  reieltinj  [ 13];  g - testing  in  vacuum  [41];  10 
- testing  in  air  [41].  Shear  modulus;  11  - ricbiua  compact  [20]  12  - 
nicbiua  poriferous  (our  data). 

Key;  (1).  H/a*. 

Page  87. 

Ey  thea  establish/installed,  that  tenperature  dependence  of  Young's 
modulus  in  the  speciaen/saa pies  these  longitudinal  axis  coincides 
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with  direction  [100],  they  differ  in  principle  frca  temperature 
dependence  of  Young's  acdulus  of  s peciaen/sa ap Its  with  longitudinal 
axle/axis,  which  coincides  tith  direction  [1 10]  and  [111]  (Pig.  55). 
In  first  s peciaen/saaples  with  increase  in  temperature,  Young's 
aodulus  is  decreased,  while  for  reiaiuiug  iccreases.  By  Arastrong  and 
Braun  were  carried  out  the  experiments,  which  showed  that  in  the 
polycrystalline  recrystallized  niobium  with  preferred  texture  in  the 
direction  [110]  the  character  of  the  temperature  dependence  of 
Young's  modulus  was  close  tc  the  saae  tor  single  crystal  [110]  (Pig. 
56).  Braun  they  drew  ths  cccclusion  that  the  character  of  the 
teaperature  dependence  cf  Yeung's  aouulus  ct  niebiua  is  explained  by 
the  considerable  elastic  anisotropy  or  his  crystals. 
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Table  9.  Elasticity  characteristics  or  niobiua  at  different 


temperatures. 


(0 

TeMneparypa, 

HnoAmA  KoxnaicTH.  A 

(3) 

Hmo6nA  juitoA 

l»/ieKTpOHHO- 
jiystsoro  nc- 
pcnaanal 

e,  rn,M' 

U) 

E.  rn  ’M' 

7£> 

0,  Vk  m' 

293 

103 

38.2 

0,35 

110 

370 

103 

38.2 

0,35 

109 

470 

103 

39,2 

0,31 

109 

570 

103 

39.2 

0,31 

109 

670 

103 

39,2 

0.31 

108 

770 

103 

39,2 

0,31 

108 

870 

104 

39.2 

0.33 

108 

970 

104 

39.2 

0.33 

109 

1070 

105 

39.2 

0.34 

109 

1170 

105 

39.2 

0,34 

110 

1270 

105 

39,2 

0.34 

108 

1370 

104 

39.2 

0,33 

108 

1470 

103 

39,2 

0,31 

107 

1570 

102 

38,2 

0.33  . 

107 

1670 

]00 

38.2 

0.31 

107 

1770 

98 

— 

— 

106 

1870 

96 

— 

— 

105 

1970 



— 

— 

104 

2070 



— 

— 

102 

2170 

— 

— 

— 

101 

2270 

_ 

— 

— 

99 

2370 

— 

— 

— 

98 

2470 

— 

— 

— 

96 

Key:  (1).  Teaperature,  CK.  (2).  Niobiua  coapact.  (3).  Niobiua  cast 
(electron-  teas  reaelting)  E,  H/a*.  (4).  d/a*. 


Page  8 8. 


In  work  [ 34]  is  assuaed  that  the  reason  for  unusual  behavior  of 
Young*s  aod ulus  of  the  riobiua  with  or  neating  is  the  special 
structure  of  the  electron  shells  of  this  aetal.  Since  the  available 
in  the  literature  data  cn  the  values  of  the  aodulus  of  elasticity  of 
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polycrystalline  niobiua  at  noraal  ana  high  temperatures  were  obtained 
fcy  larger  part  in  speci sen/saaples  wit  n different  structure  and 
uncontrolled  coapositior,  us  will  be  uuuertaken  the  atteapt  to 
estiaate  the  effect  of  structure  and  interstitial  inpurities  (oxygen, 
nitrogen,  carbon)  on  the  value  of  the  modu  le/aoduli  of  elasticity  of 
niobiua  over  a wide  ranee  of  teaperatures. 

As  initial  naterial  in  all  our  investigations  is  utilized  the 
niobiua  of  double  elect  ten- teaa  aelting.  For  explaining  the  degree  of 
the  effect  of  structure  on  modulus  of  elasticity,  were  nade  the 
spcciaen/s an pies  aade  ol  forged  rods  (degree  cf  deforaation  95o/o) 
and  aade  of  the  rolled  in  one  direction  band  (degree  of  deforaation 
65o/o. 

Hicrostructur es  these  samples  are  given  in  Fig.  57-a-d,  and 
results  of  their  tests  - in  Fig.  58.  To  temperature  of  870°K,  Young's 
■odulus  both  of  types  of  speciaen/sauples  barely  changes,  with 
further  increase  in  the  tesperaturc  in  forced  metal,  it  is  depressed, 
but  in  that  rolled  - it  is  raised.  The  temperature  dependence  of 
Young's  modulus  of  rolled  niobiua  is  siailar  to  the  obtained  F. 
Armstrong  and  G.  Braun  dependence  cf  Young's  mcdulus  of  single 
crystal  with  direction  [11C].  The  reason  for  this  siailarity  consists 
in  the  fact  that,  as  shewn  in  work  [37],  the  structure  of  the  rolled 
niobiua  approaches  in  oriectation  [110]. 
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The  part  of  the  spccimen/saaples,  manufactured  from  the  rolled 
band,  uas  subjected  to  recrystallisation  annealing  (1  h at 
temperature  of  1470°K)  . 


Fig-  5*.  Dependence  of  loung's  modulus  of  tantalum  on  dissolved  in  it 


cxygen. 


Key:  (1).  H/m*.  (2).  at  c/o. 


Fig.  5.  Fig.  t. 


Fig.  55.  The  temperature  dependences  of  Young's  modulus  of  niobium, 
determined  in  single-crystal  speci aen/sam p les. 


Key:  (1).  H/n*. 


Fig.  56.  The  temperature  dependence  of  Young's  modulus  of 
polycrystalline  niobium  with  the  preferable  arrangement  of  crystals 
in  the  direction  [110]  and  single  crystal  cf  the  same  direction. 


I«y:  (1).  H/m*.  (2).  Polycrystal. 


rig.  57.  n icrostroctures  cf  the  speciaea/saBples  of  the  niobiun:  a 
and  b - respectively  alorc  and  across  the  direction  of  forging  (x70)  : 

c and  d - ( x 120)  ; e - nb»C.1o/o  C (x  120)  „ 


I 
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The  temperature  dependences  of  Youi)g»s  Modulus  cf  these 

speciaen/s aaples  (Fig.  58)  turned  cut  to  be  differing  little  froa  the 

teaperature  dependences  cf  Young's  modulus  cf  tie  specimen/saaples, 

which  did  not  pass  this  annealing.  As  will  shew  data  of 

aic rostruc tural  analysis  (Fig.  57d),  this  is  connected  with  the  fact 

that  in  such  speci aen/saaples  there  exist  the  sections  of 

def oraation"  banding",,  already  noted  in  work  [71]. 

The  study  of  the  effect  of  the  content  of  ritrogen  and  oxygen  in 
niobiua  on  its  modulus  cf  elasticity  is  conducted  in  the 
speciaen/saaples,  aanufactured  froa  rod.  For  obtaining  different 
degree  of  saturation  by  cxygen  these  speci ten/ samples  howl  to 
annealed  in  vacuum  5»10>*  ms  Hg  with  temperature  of  1420°K  for  1 h 
(first  batch),  to  annealing  in  the  saae  vacuum  at  temperature  of 
2070°K  for  1 h (second  latch)  and  to  oxidaticn  in  air  for  3 h with 
temperature  of  870°K  with  the  water  quenching  with  that  following 
gone  by  in  vacuum  at  teaperature  of  I42u-1430°K  for  3 h (third 
batch)  . 

The  teaperature  dependences  of  Young's  modulus  of  the 
speciaen/saaples  of  all  three  batches  are  represented  on  Fig.  59.  The 
comparison  of  curves  shews  that  with  an  increase  of  oxygen  and 
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citroyen  in  niobium  the  decrease  of  Young's  Modulus  with  an  increase 
in  the  temperature  to  57C-670°K  becomes  sharper. 

The  analysis  of  the  effect  of  tne  carbon  content  in  niobium  on 
its  modulus  of  elasticity  fcr  the  first  time  carried  out  by  V.  Koster 
and  V.  Rausher  in  1948  [80]:.  They  showed  that  an  increase  in  the 
carbon  content  leads  to  an  increase  in  tne  »alue  of  Young's  modulus. 


^9 
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Pig.  58.  Teaperatare  dependences  of  Youuj • s icdalus  of  forged  (1)  and 
rolled  (2)  niobiua. 

KeJ:  (1).  H/n*. 

Cage  91. 

In  work  [17]  it  is  eaphasized  that  these  obtained  researchers 
dependence  one  should  consider  as  good-duality , since  the  authors  of 
this  work,  probably,  dealt  with  inperfect  actal. 

He  have  deterained  teaperature  dependences  of  the  aodulus  of 
elasticity  of  niobiua,  containing  C.lo/o  of  carbon  (Pig.  60).  Carbon 
is  inserted  via  burdening  of  the  reaelted  aclding/bars  by  carbide 
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titaniua.  With  electron-beam  rewelting  of  titaniua,  it  burns  to  high 
portions  of  percentage.  Then  ingot  are  hammered  in  air  at  the 
temperature  of  approximately  1270°K  in  the  rod  vith  a diameter  of  12 
aa  with  the  degree  of  deformation  S5o/o.  Tic  s p<ciaen/sa aples, 
manufactured  from  this  rod,  underwent  tests  in  the  cold-worked  and 
recrystallized  states  (see  fig.  57e). 

As  it  follows  froa  findings,  car non  raises  the  aodulus  of 
elasticity  of  niobium  at  teaperature  from  icca  to  1270-1370®k. 

Further  increase  of  the  teaperature  of  the  niobium,  saturated  by 
carbon,  causes  a sharper  incidence/drop  iq  Young's  modulus,  than  in 
pure  metal. 

Niobium  fusions.  Niobium  is  promising  aetal  for  creation  on  its 

basis  of  different  heat-resistant  alloys.  As  is  indicated  in  work 

/ 

[50],  to  this  they  contribute  its  high  melting  point,  the 
preservation/retent ion/«aint aining  or  it  by  the  alloys  of  high 
strength  and  plasticity  with  wcckirg  temperatures  higher  than  1000°K, 
saaller  specific  gravit j/weight  and  higher  aodulus  of  resistance  with 
respect  to  weight,  than  in  molybdenum,  tantalum,  tungsten, 
coqsiderably  the  saaller  activity  cf  interacticn  with  atmosphere, 
than  in  the  latter,  and  the  possibility  of  designing  of  the  coatings, 
stable  at  high  teaperat tees . 


Pig.  the  temperature  dependences  of  loung  modulus  of  the  niobium, 
which  contains  nitrogen  and  oxygen  1 - annealing  with  T=1420°K  for  1 
h;  2 - annealing  with  T*2070°k  for  1 h;  3 - oxidation  in  air  with 
1=870°K  for  3 h,  annealing  in  vacuua  with  1=147C°K  for  3 h. 

Key:  (1).  H/m*. 

Fage  92. 

Ey  the  alloying  of  niobiua  can  he  raised  the  resistance  of  its  creep 
at  high  temperatures  and  the  resistance  to  oxidation,  and  are  also 
improved  plastic  properties. 

In  work  [58]  are  investigated  the  results  cf  the  effect  of  the 
alloying  of  niobium  with  small  quantities  of  chromium,  rhenium, 
tungsten,  molybdenum,  tantalum,  iridium,  palladium,  zirconium  and 
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titanium,  i.e.,  the  cel  1/e leaents,  vhicn  fen  with  niobium  the 
unlimitedly  solid  solutions  of  pi  all  temperatures  or  having  the 
sufficiently  vide  regiocs  cf  solubility,  on  the  character  of 
interatomic  interaction  in  solid  sclutions.  On  Fig.  61,  are 
represented  they  are  given  in  work  [58  J data  atout  change  values  of 
the  modulus  of  elasticity  in  dependence  on  the  content  of  the 
alloying  cell/eleaents.  These  dependences  it  essence  are  determined 
by  the  general  lavs,  vhich  cccur  during  the  formation  of  solid 
solutions.  So,  the  alloying  of  niobium  vith  chrcaium,  rhenium, 
tungsten,  molybdenum,  tantalum,  iridium,  that  have  the  higher  modulus 
of  elasticity,  gives  alloys,  aodule/modulus  of  the  elasticity  they 
are  vhich  above  than  basic  metal.  The  auditicn  cf  zirconium  and 
titanium  v hose  module/mcdul i are  close  to  tte  modulus  of  elasticity 
cf  niobium,  it  leads  to  an  insignificant  increase  in  the  modulus  of 
the  elasticity  of  alloy  (Zr)  or  its  lovering. 

Table  10,  comprised  cn  of  vorks  [ 13,  F5],  give  corrected  values 
cf  the  modulus  of  elasticity  of  nicbium  fusions*  vhich1  contain 
several  alloying  cell/elenents.  From  this  table  it  follovs  that  in 
the  dual  and  ternary  alloys  of  niobium  the  depetdence  of  the  modulus 
cf  elasticity  on  fora  and  guantity  of  alloying  cell/elenents  is  more 
complex,  but  the  character  cf  the  effect  of  the  alloying 
cell/eleaents  on  the  modulus  of  elasticity  is  retained. 


/£2~ 


Fi9»  60#  * SI* 

Fig.  60.  The  teaperature  dependences  of  Young's  aodulus  of  the 
niobiua,  which  contains  O.lc/o  of  carbon:  1 - act  annealed;  2 - 
angealed  with  T=1470°K  for  1 h. 

Key;  (1).  H/a*. 

Fig.  61.  Dependence  of  the  lodulus  of  elasticity  of  niobiua  on  the 
content  of  the  alloying  cel 1/eleae nts. 

Key:  (1).  H/a*.  (2).  Alloying  cell/eieaent , weight  o/o. 

Fage  93. 

By  alloying  the  aodulus  of  elasticity  in  niobiua  can  be 
considerably  raised.  So,  in  alloy  Nb*15o/o  H»5c/o  Ho*1 o/o  Zr  Young's 


1 
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■odulus  is  equal  to  172  H/a2,  which  is  alacst  1.5  tiaes  higher  than 
in  the  unalloyed  aetal.  Consequently,  niobiua  fusions  can  not  have 
this  shortcoaing  as  the  siall  value  of  the  icdulus  of  elasticity, 
which  will  considerably  expand  the  region  cf  their  application/use. 

Boris  [14,  58]  also  give  the  inroraaticn  about  a change  in  the 
aodulus  of  noraal  elasticity  of  nicbi.ua  alleys  during  heating. 

According  to  data  these  works  are  constructed  the  teaperature 
dependences  of  Young's  icdulus  cf  soae  alleys  of  niobiua  (.Pig.  62). 

As  can  be  seen  froa  figure,  in  all  investigated  alloys  the 
teaperature  dependences  cf  the  aodulus  of  elasticity  have  in  essence 
the  sane  character  as  in  the  unalloyed  niobiua.  This,  probably,  is 
connected  with  the  fact  that  tne  tctal  quantity  of  those  alloying 
cell/eleaent  in  each  alley  does  not  exceed  20o/c  and  they  not  we  can 
significantly  change  the  dependence  of  the  lodalus  of  elasticity  on 
teaperature. 

Tantalua.  Froa  refractory  aetals  which  are  sufficiently  faailiar 
and  are  applied  in  industry  (ti , no,  Nb,  Ta)  , tantalua  thus  far  is 
utilized  in  saall  quantities.  This  is  connected  with  its  high 
cost/value,  liaited  rescurce/lif et iaes,  and  alsc  high  density. 

However,  the  high  aelting  pcint  of  tantalua  (3270°K) , which  higher 
than  in  aolybdenua  and  riobiua,  and  also  its  ability  to  reaain 
plastic  even  at  very  low  teipecatures,  wakes  tantalua  with  promising 
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structural  Material. 


The  Mechanical  properties  of  tantalua  at  high  tenperatures, 
especially  its  elasticity  characteristics,  thus  far  are  still  studied 
insufficiently  fully. 
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l*ble  10.  Hoduli  of  noraal  elasticity  of  seas  alloys  of  niobius. 


(0 

CocTth  ensana 

Tftaneparvpa.  j 

1 

! Meivav  lOwra. 
/*,*» 

Nb+15sW-f-5HMo+lsZr 

293 

172 

To  we 

1365 

123 

Nb+l5>W-h5nMo+5».Ti+l  K Zt 

293 

165 

To  me 

1365 

113 

Nb+I0HMo+10»,Tl 

1365 

58.4 

Nb-32,5H  TM-0.75  *Zc 

293 

113 

Nb-f-Ms  W-)-2hMo 

293 

130 

To  we 

1370 

129 

Nb+Un  W-|-2**Mo+0,83*  HfC 

293 

124 

To  we 

1370 

126 

Key:  (1).  Coaposition  of  alloy.  (2).  Temperature,  °K.  (3)'.  Young's 
aodalus,  Sd/i*. 


Fage  94. 


There  is  a series  of  the  works  in  which  arc  given  the  results  of  the 
eeasurenents  of  elasticity  characteristics  cf  tantalun  at  the  nornal 
tenperatures:  for  Young's  acdulus,  are  ootained  the  values  of  175-187 
H/n*  ( 34,  41  , 79],  for  acdulus  of  shear  - 66.5  H/n*  (37]  and  for 
Poisson  ratio  - 0.35  [53].  As  concerns  the  inferaation  about  the 
values  of  the  characteristics  of  elasticity  at  high  tenperatures, 
then  in  literature  are  cnly  data  about  values  cf  Young's  aodalus  at 
teaperature  of  1370»K  [ 34,  71,  79]. 
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Fig.  62.  The  temperature  dependences  of  Yoang's  Modulus  of 
niobium  fusion  on  data  [58]  1 - Nb*10o/o  Me;  2 - Nb*  lOo/o  Ta;  3 - 
Kb* lOo/o  tf;  4 - Nb*5o/o  Be;  5 - Nb*2.3o/o  C r;  6 - Nb*7.6o/o  Ti;  7 - 
Nb*2.0o/o  Ir;  8 - Nb*1.78o/o  Zr;  9 - Nb*14o/o  H*2o/o  Ho;  10  - 

Mb* 14o/o  U ♦ 2o/o  Mo*0. 83c/o  HfC- 

l J . J/  A 


Ke^  ; O).  U/yJo 


E./h/m* 


iso  | | 

6,/m  /m* 

70  N* 


270  670  1070  1470  1070  T/H 


Fig.  63.  The  temperature  dependences  of  characteristics  of  the 
elasticity  of  tantalum  cn  different  authors'  data.  Young's  modulus:  1 
- [71];  2 - [79];  3 - [34];  4 - our  data;  stear  modulus;  5 - our 
data;  Poisson  ratio;  6 - our  data. 


Fey:  (1).  H/m*. 
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Be  have  determined  elasticity  characteristics  of  tantalum  at  higher 
temperatur  es. 

From  commercially  pure  tantalum  of  vacuum-arc  melting,  were  made 
the  specimen/samples  with  a diameter  of  8 *■  and  with  a length  of  90 
mm.  Specific  with  normal  temperature  Young's  modulus  of  tantalum  will 
render/show  equal  to  175  H/m*,  modulus  of  shear  70.5  H/m*,  and 
Pcisson  ratio  - 0.24.  Measurements  at  high  temperatures  are  produced 
in  vacuum  5»10 “*-5 • 10“*  mm  Hg.  obtained  temperature  dependences  of 
elasticity  characteristics  cf  tantalum  are  given  to  Fig.  63,  and 
their  values  through  each  100  hail  are  given  in  Table  11.  To  Fig.  63, 
are  plotted/applied  alsc  tfce  temperature  dependences  of  Young's 
modulus  of  this  metal,  obtained  by  other  researchers. 
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Table  11.  Elasticity  characteristics  of  tantalua  at  different 
tcapecatures. 


(x)  (x) 

F.  Ik  m'  a.  fM  JK 
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The  observed  disag reemert  between  the  values  cf  Young's  modulus  is 
connected,  probably,  with  the  fact  that  in  each  case  is  investigated 
tantalum,  having  different  degree  cf  contamination  by 
impurity/admixtures,  anc  also  obtained  oy  different  methods.  As  early 
as  1955  by  measurements  at  normal  temperature  [76] 

establish/installed  the  consideratle  efrect  of  the  impurity/admixture 
of  oxygen  on  the  modulus  of  elasticity  of  tantalum.  So,  with  oxygen 
content  0.1  at.  o/o  Yourg's  modulus  of  tantalum  is  equal  to  176  H/n2 
and  with  oxygen  content  to  2.5  at.  o/o  values  it  is  raised  to  196 

K/n2. 


We  have  determined  the  value  cf  Young's  modulus  at  high 
temperatures  in  the  specimen/samples  of  tantalum,  which  were 
undergoing  preliminarily  diffusion  saturaticn  t y oxygen.  The 
preparation  for  specimec/sa mples  is  produced  tc  770°C,  then  one  batch 
is  age/held  with  this  temperature  for  5 h,  end  another  batch  - for  10 
h.  After  this  all  specimen/samples  pass  annealing  in  vacuum  with 
temperature  of  1470°K  fer  1 h.  In  all  led  three  cycles  of  this 
annealing.  On  Fig.  64,  is  shown  temperature  effect  on  Young's  modulus 
cf  tantalum,  which  passed  diffusion  saturaticn  ty  oxygen. 
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Chapter  V. 

ELASTICITY  CHARACTERISTICS  OF  META l-LI Kb  AKC  NC  V BETA  LLIC  MATERIALS  AT 
HIGH  TEMPERATURES. 

1.  Metal-like  refractory  ccapounds. 

The  aaterials,  which  possess  high  salting  point,  are  the  joints 
of  transition  setals  with  boron,  carbon,  nitrogen  and  silicon.  They 
have  high  aechanical  strength  at  high  temperatures,  considerable 
hardness  and  wear  resistance,  and  also  life  against  the  action  of 
aolteq  setals,  acids  anc  alkalies.  Like  setals,  metal-like  refractory 
compounds  have  high  electrical  conductivity  and  therial  conductivity. 
Parts  froa  these  aaterials  tanufacture  usually  ty  the  aethods  of 
powder  aetallurgy,  which  causes  the  presence  in  then  of  certain 
quantity  of  pores. 

By  their  nature  aetal-like  refractory  compounds  are  brittle 
aaterials,  especially  at  roca  and  low  tea pe estates.  The  conducted 
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investigations  of  the  aechacical  properties  of  refractory  coapounds 
[47]  shoved  that  in  the  latter  is  observed  the  essential  difference 
between  technical  and  theoretical  strength  end  occurs  the 
coqsiderable  dispersion/dissipatic r of  test  results.  The  strength 
properties  of  high-aelting  aetal-like  coapounds  also  depend  to  a 
considerable  extent  on  the  fore  of  loading  end  size/dieens ions  of 
test  specimens.  The  strength  of  scie  refractory  coapounds  at  high 
teaperatures  is  higher  than  with  noraal  oqes. 


In  spite  of  the  noted  shortcoaiugs,  refractory  aetal-like  joints 
are  found  ever  increasicg  use  in  high-teaperatare  settings  up  because 
cf  special  properties  indicated  above  vaich  do  not  possess  the 
refractory  aetals  and  alloys. 


Eage  98. 

Elasticity  characteristics  of  refractory  coapounds,  especially 
at  high  teaperatures,  are  studied  still  insufficiently.  The  values  of 
loung's  aodulus  for  soae  joints  (with  zero  jocosity)  at  rooa 
teaperature  [54]  are  gi«en  below: 
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TIC 450  WC 695 

ZrC  . . . 348  TiB, 530 

VC  426  ZrB,  343 

NbC 338  CrBj 211 

T«C  - 285  TIN 250 

M (HC  533  MoSi,  420 

W,C 420 


1.  N.  Frantsevich  [64]  will  ncte  tnat  if  the  pure  aetals  are 
very  different  in  the  strength  cf  interatonic  bend  ( w and  Ti) , then 
their  carbides  are  characterized  virtually  by  the  identical  strength 
of  interatomic  bond.  Transfer/transition  frea  carbides  to  nitrides  is 
accoapanied  by  a very  sharp  reduct  iou/desc e rt  ic  the  strength  of  this 
bond.  By  softening  is  accompanred  also  transfer/transition  froa  one 
type  of  carbide  to  another  (from  ic  to  uc2).  The  phenoaena  indicated 
affect  the  value  of  Young's  modulus  [54J. 

Us  will  be  determined  the  temperature  dependences  of  Young's 
aodulus  of  several  refractory  compounds  of  the  production  of  the 
Institute  cf  probleas  of  the  science  of  aatcrials  of  the  AS  USSR.  The 
speciaen/saaples  of  zirccniua  diboriu  have  eifferent  porosity 
(28-340/0)  . 
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table  12.  faluea  of  Youeg's  aodulus  carbides  at  different 
tea  per  at  ores. 


Teunepa- 
\ Typa, 

) ®K 

SIC. 

n-n* 

NbC. 

n-w* 

TIC. 

n-19* 

Mo.C, 

n-*H 

293 

294 

274 

235 

133 

370 

292 

270 

232 

132 

470 

290 

267 

279 

131 

570 

28  S 

260 

225 

130 

670 

286 

258 

221 

129 

770 

284 

255 

218 

128 

870 

282 

250 

214 

128 

970 

"280 

247 

210 

127 

1070 

278 

243 

206 

126 

1170 

276 

239 

202 

126 

1270 

274 

• 235 

•198 

125 

1370 

270  . 

232 

194 

125 

,1470 

264 

227  : 

191 

124 

1570 

260 

- 223 

186 

122 

1670 

253 

219  ' 

182 

.120 

1770 

246 

215 

176 

*17 

- 1870 

235 

210  “ 

210 

m 

1970 

224 

203 

165 

9070 

212 

196 

Key:  (1).  Teaperature,  °K. 
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the  results  of  aeasureaents  (Pig.  65)  snow  that  Young*  s aodulus  of 
this  refractory  coapound  with  an  increase  in  tie  teaperature  changes 
eery  insignificantly.  Sc  for  ZrB,  by  porosity  3io/o  at  the  rooa 
teaperature  E*150  H/a*,  and  with  T*1b70°K  E«123  H/a*.  The  character 
cf  the  teaperature  dependences  of  Young's  acdulas  of  zirconiua  boride 
of  different  porosity  is  alaost  identical. 


The  invariability  cf  the  character  of  teapcrature  dependence 
during  porosity  change  they  are  noted  also  ty  ft.  B.  Lyashchenko,  p. 

I.  Helnich uk  and  1.  N.  Frantsevich  [Jf»]  in  carbide  of  titaniua. 

Figure  66  gives  the  results,  obtained  ty  these  researchers,  and 
given,  obtained  by  us  it  the  speciien/san  pie  cf  carbide  of  titaniua 
by  porosity  19o/o.  Proa  given  data  it  is  possible  to  draw  the 
coaclusioa  that  the  porcsity  does  not  have  considerable  effect  on  the 

course  of  the  tesperatuce  dependences  of  elasticity  characteristics, 
but  oqly  is  deterained  their  absolute  value. 

By  us  are  also  carried  out  the  neasureaente  of  Young's  nodulus 
at  norsal  and  high  temperatures  at  carauides  of  niobiun,  aolybdenua, 
rheniua  and  titaniua.  The  obtained  values  cf  Young's  nodulus  through 
every  100  deg  during  heating  of  these  carbides  are  given  in  Table  12, 
aad  Pig.  67  shows  the  ccrrasponding  temperature  dependences. 
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Pig.  65.  The  temperature  dependences  of  Youtg's  eodulus  of  zirconium 
boride  of  different  porcsity  (o/o) : 1 - 28;  2 - 32:  3 - 38;  3 - 34. 

Kcjt:  (1).  b.  H/m*. 


Fig.  66.  Temperature  dependences  of  Youug*s  icdnlus  cf  carbide  of 
titanium  of  different  pcrcsity  (o/c):  on  data  [35)  1 - 7.8;  2 - 17;  4 

- 32;  5 - 32;  according  to  cur  data  oy  J - 19. 

Key:  (1).  E,  H/m2. 
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In  all  investigated  carbides  with  an  increase  in  the  temperature,  the 
moduli  of  elasticity  art  decreased  very  insignificantly.  Especially 
vividly  this  is  expressed  in  carbide  of  the  molybdenum  Young's 
modulus  which  at  room  temperature  is  egual  to  133  H/m *,  and  with 
1=1770°K-1 17  H/m*. 

Thus,  in  metal-like  refractory  compounds  the  moduli  of 
elasticity  are  not  only  higher  than  in  the  appropriate  metals  (if  we 
carry  out  comparison  in  ncnporcus  state),  bet  also  much  lesser  they 
change  during  heating  to  tich  temperatures. 

2.  Nonmetallic  refractory  compounds. 

Many  properties  of  nonmetallic  refractory  compounds  (carbides 
and  nitrides  of  boron  and  silicon,  boron  ccmpound  and  silicon  between 
themselves  and  the  like)  are  similar  to  the  properties  of  metal-like 
refractory  compounds,  bet  in  contrast  tne  latter  nonmetallic 
refractory  compounds  possess  low  electrical  conductivity  and  thermal 
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conductivity.  Their  positive  property  is  the  ability  to  resist  well 


t hemal  shocks. 

There  are  assunpticns  [5U]  that  with  an  increase  in  the 
tenperature  the  noduli  c£  elasticity  of  cartides  and  nitrides  of 
boron  and  silicon  change  little,  whereas  in  netal-like  borides  and 
carbides  the  tenperature  dependence  of  nod ule/ncdulus  is 
considerable. 
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Fig.  67.  The  temperature  dependences  of  Che  modulus  cf  Young  of 
carbides  of  silicon,  nicbiui,  titaniua  and  loljfcdenua:  1 - Sic , P = 
llo/o;  2 - NbC,  P = 18o/o;  3 - TiC,  P = 19c/o;  4 - P * 26o/o. 


Key:  (1).  E,  H/a*. 
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This  contradicts  the  inforaation  a tout  the  teaperature  dependences  of 
Young's  aodulus  of  nitride  cf  boron,  obtained  ty  K.  Taylor  [89],  who 
ebserved  considerably  a cc duct ic n/ descent  in  Young's  aodulus  in  this 
joint  in  the  range  of  temperatures  from  notial  to  1300°K  (E=11.6  H/a* 
with  1 300°  K) . Speciaen/f aaples  for  these  investigations  were 
aade  of  nitride  of  boron  of  a-phase  and  the  aeasureaents  are  produced 
in  parallel  to  the  direction  of  pressure  forging. 
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we  investigated  a change  in  Young's  modulus  and  displacement  of 
the  materials,  which  consist  of  the  mixtures  of  nitride  cf  boron  and 
nitride  of  silicon,  depending  on  the  content  cf  components,  and  also 
changes  in  values  E and  G with  an  increase  in  temperature  [25],  Por 
manufacturing  the  specimen/ramples,  are  used  the  technical  powders  of 
nitride  of  boron  and  nitride  of  silicon  with  the  average  size  of  the 
particles  of  15-20  pm.  Ihc  chemical  composition  cf  powders  is  given 
in  ^able  1 3. 


Pros  the  powders  of  nitride  of  boron  atd  nitride  of  silicon, 
were  prepared  the  mixtures  with  ccrtent  by  20;  40;  60  and  80  nol.o/o 
cf  nitride  of  boron.  Powders  mix  in  bail  mill  for  2U  h.  After  nixing 
to  mixture,  is  added  starch  paste  (200  g on  1 kg  of  mixture).  Mixture 
dries  on  air,  and  then  they  rut  through  sieve  withvo  25  and  press  by 
the  method  of  mouthpiece  pressure  forging.  Elanks  are  sintered  in 
resistance  furnace  with  the  graphite  tune  cf  heater  in  the  current  of 
nitrogen  and  the  powder  of  nitride  cl  boron  with  nitride  of  silicon 
(4:1)  at  temperature  of  1870°K  for  3 h.  Ready  specimen/samples  take 
the  fora  of  the  rods  with  a diameter  of  10  in  and  with  a length  of  90 
an  they  possess  porosit)  25-30o/o. 


Young's  modulus  and  displacement  deteriine  by  measuring  the 
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resonance  frequencies  of  the  transverse  and  torsional  oscillations  of 
sFeciaen/s aaples.  The  value  of  Yourg's  Modulus  and  displacenent  of 
each  Mixture  takes  in  terns  of  the  averaged  value  of  the  results  of 
Measurements  in  four-five  s pecinen/sanples . The  averaged  values  E and 
G were  used  for  constructing  the  dependence  of  elasticity 
characteristics  of  Material  cn  the  conpositicn  ef  components  (Fig. 

68)  . 
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Tabid  13.  The  cheaical  coaposition  ol  nitrides  of  boron  and  silicon. 


CoupjUNiH  Htwma,  S ( 1 ) 

®o6m  | 

S1o6u. 

N 

B.O. 

1 

Co6ia  j 

Ccio« 

Ft 

ripOHNT 

HHTpMA  6opa  (**) 
HMTpNit  KpeuHHH  (V 

42.8 

56.3 

55.2 

31,6 

0,1 

0,9 

3.11 

0,13 

0.01 

1.0 

8,98 

Key:  (1).  powder.  (2).  Content  of  cell/ele sents,  o/o.  (3).  Other. 

(4).  Nitride  of  boron.  ( 5)  . Nitride  of  silicon. 

Page  102. 

The  aeasureaent  of  Yourg's  aoduius  and  displaceaent  of 
speciaen/saaples  at  elevated  teaperatures  is  conducted  with  setting 
up  UP- 6.  The  obtained  values  of  Youny's  aoduius  and  displaceaent  at 
different  teaperatures  are  shown  on  Fig.  6$.  First  of  all  it  should 
be  noted  that  is  observed  very  insignificant  decrease  E and  G with  an 
increase  in  the  teaperature  in  the  aaterials*  ccaprised  of  different 
aixtures  of  nitride  of  boron  and  nitride  of  silicon.  In  aaterial  with 
the  increased  content  of  nitride  of  boron*  the  decrease  of  the  values 
of  characteristics  with  teaperature  occurs  less  intensely*  than  in 
aaterials  with  the  increased  content  of  nitcide  of  silicon.  The 
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results,  obtained  by  K-  Taylor  [89],  will  net  be  confirmed,  since  by 
us  is  not  observed  such  sharp  reduction/descents  in  Young* s aodulus 
even  in  aaterial  with  W/e  content  of  nitride  of  boron. 

^ carried  out  also  the  investigations  of  the  effect  of 

the  addition  of  nitride  of  toren  on  the  elastic  aodulus  of 
aluminosilicate  refractcry.  The  selection  cf  nitride  of  boron  as 
additions  to  aluminosilicate  refractory  is  explained  by  its  high  fire 
resistance  and  and  by  irertness  in  the  aosence  of  oxidation.  Since 
the  aelting  point  (disscciation)  of  nitride  cf  toron  does  not  exceed 
3000°K , articles  made  of  nitride  of  boron  dc  net  react  with  the 
■olten  glass  and  a nuaber  of  aetals. 

As  raw  material  for  an  aluaincsilicat e refractory,  are  utilized 
Chasov"yar sk  clay  of  brands  G- 1 and  ruo-bl,  the  kaolin  of  the  first 
type  of  Prosyanovkiy  deposit.  Fireclay  manufactures  from  the  mixture 
cf  the  refractory  clay  and  kaolin  with  *rait  sizes:  1.5-0. 5 mm  - 
55o/o;  0.5-0. 1 ma  - 29o/o;  0.1  mm  are  less  - 16c/o.  Nitride  of  boron 
has  grain  sizes  less  than  20  pa.  Content  of  eexponents  in 
aluminosilicate  refractcry  follcwirg:  clay  - 2h.7o/o;  kaolin  - 
20.3o/o;  fireclay  - 55. Co/o. 

From  these  materials  were  compnseu  the  charges  of  this 
composition  (weight  o/o):  aluaincsi  1 icate  refractory  - 90,  nitride  of 
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tccon  - 10;  aluminosilicate  refractory  - 80,  nitride  of  boron  - 20; 
aluminosilicate  refractory  - 70,  nitride  of  fccrcn  - 30; 

aluminosilicate  refractory  - 60,  nitride  of  toron  - 40; 

aluminosilicate  refractory  - 50,  nitride,  tcron  - 50;  aluminosilicate 

refractory  - 40,  nitride  of  boron  - b0.  Specimen/samples  press  on 
hydraulic  press  at  pressure  250  GN/cui*.  The  humidity  of  charges 
during  pressure  forging  ccmfoses  5-6o/o.  The  pressed  specimen/samples 
after  drying  in  cabinet  drier  are  anneal/sccrcfced  in  neutral  gaseous 
medium  to  temperature  of  1570°K  with  holding  at  maximum  temperature 
for  one  hour.  Beady  specimen/samples  t axe  tie  form  of  rods  by 
size/dimension  150x15x15  mm. 


I 
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Fig.  68.  Dependence  of  elasticity  characteristics  of  naterials  from 
nitrides  of  boron  and  silicon  cn  the  content  cf  nitride  of  silicon. 


Key:  (1).  Ef  g,  gn/s*. 

Fage  103. 


At  nornal  teiperature  Young's  modulus  determines  with  setting  up 
OP-4.  Great  difficulties  will  arise  as  a result  of  the  fact  that  the 
specimen/samples  do  not  have  clearly  expressed  resonance  frequencies, 
and  the  considerable  amplitudes  of  oscillations  could  not  attain  due 
to  their  high  damping  capacity.  This,  apparently,  is  connected  with 
heavy  graininess  and  heterogeneity  of  tua  material  of 
spccimen/s  am pies. 


Por  each  composition  the  elastic 
two-three  specimen/samples.  Figure  70 


modu lus 
shows  a 


is  determined  in 
change  in  Young*  s 
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■odulus  in  aluminosilicate  refractory  with  the  addition  in  it  of 
nitride  of  boron.  The  elastic  aodulus  or  initial  aluainosilicate 
refractory  will  render/shov  equal  in  averace/aean  34  GN/a*.  After  the 
addition  of  nitride  of  boron,  which  possesses  lower  elasticity 
characteristics,  than  a luainosilic ate  refractory,  we  obtain  aaterial 
with  lower  elastic  aodulus.  Sc,  Younq's  modulus  of  aaterial  with 
30o/o  of  nitride  of  boren  is  equal  to  2b. 7 GN/a2,  and  the  elastic 
vcdulus  of  aaterial  with  60c/o  cf  ritriue  ct  boron  - 14.0  GN/a2. 


'I 
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Pig.  69.  The  teaperature  dependences  of  foucg's  aodulus  (a)  and  of 
■odulus  of  shear  ( b)  of  naterials  fron  uit rides  of  boron  and  silicon: 

I - »\  BN.  <0%  SUN*  1-40%  BN.  *0%  SUN*  i - «0%  BN. 

40%  SUN,:  4 — 00%  BN.  00%  SI.N. 

/<t  y!  Ci).  £,  . 


Page  104. 

Elastic  aodulus  at  the  high  tcaperatuces  «as  deterained  with 
setting  up  OP-6  in  vacuua  of  1»10“«  na  hg.  in  view  of  the  fact  that 
oscillation  daaping  grow/rises  with  higa  t « i per atures,  for  an 
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increase  in  the  amplitude  of  oscil latxous  were  nade  the 
specinen/sanples  of  the  lo  were  d/reduced  rigidity  by  size /dimensions 
1Q0x15x10  Test  the  specinen/sanples,  not  containing  nitride  of 
boron,  or  specinen/sanples  % it  h UOc/o  or  nitride  of  boron. 

Measurements  are  conducted  both  during  tne  beating  and  during  cooling 
cf  specinen/sanples.  The  obtained  tenperature  dependences  of  elastic 
aodulus  are  represented  in  Fig.  71.  ihe  character  of  the  tenperature 
dependence  of  Young's  nodules  of  aluminosilicate  refractory  without 
the  additions  of  nitride  of  boron  is  similar  to  that  which  is 
observed  by  other  scientists  [10]:  stability  to  870°K,  and  then 
insignificant  increase.  Yourg's  aodulus  of  alua inosi licate  refractory 
with  40o/o  of  nitride  of  toicn  barely  cnanges  with  an  increase  in  the 
tenperature. 

3.  Pyroceran  and  glass. 

Vitreo-cr ystalline  materials  receive  at  present  increasing 
propagation  in  technology  because  cf  tneir  high  strength,  thernal  and 
chenical  stability.  It  is  ir  detail  elasticity  characteristics  of 
Pyicceraas  yet  not  of  e a ission/rad iation,  although  it  is 
establish/installed , that  Yeung's  aodulus  tbea  is  higher  than  in 
initial  glasses,  and  it  reaches  86-137  UN/a*  [8]. 


. 
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Fig.  70.  Dependence  of  Young's  aodulus  of  alumicosilicate  refractory 
cn  the  content  in  it  of  nitride  of  boron. 


Fig.  71.  Temperature  dependences  of  Young's  Modulus  of 
aluminosilicate  refractory:  1 - aluminosil icate  refractory  without 
additions  of  nitride  of  torcn;  2 - aluminosilicate  refractory 

containing  40o/o  of  nitride  of  borcn. 

K*.y:  (.')■  e,  <**//»*. 

Page  105. 

He  have  deterained  the  moduli  or  elasticity  of  glass  No  1 system 
Si0*-Al*0,-Hg0-Ca0-Ti0*  and  Pyroceram  on  itf  basis  at  the  normal  and 
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elevated  temperatures.  Glass  for  3peciaen/saaples  Is  cooked  in 
periodic  tank  furnace  in  capacitance  1.5  t and  then  it  is  produced  by 
hand  in  the  fore  of  the  aolding/bars  with  a diaxeter  of  8 an.  These 
aolding/bars  are  cut  to  the  specimen/saaples  with  a length  of  90  an. 
Crystallization  is  conducted  in  furnace  SKB-7074  [51], 

young's  aodulus  and  displacement  are  determined  froa  the 
aeasureaents  of  the  resonance  frequencies  of  the  flexural  and 
tcrsional  oscillations  kith  setting  up  UP-6.  Has  accepted  the 
following  aeasureaent  procedure,  speciaen/saaple  places  into  the 
high-teape rature  earner a/ cha iber  the  setting  up  UP-6  and  at  rooa 
teaperature  aeasure  the  aoduli  of  elasticity.  Tien  furnace  slowly 
heats  to  teaperature  of  370°K,  and  resonance  frequency  aeasures  only 
after  holding  at  this  teaperature  during  JO  ain.  The  duration  of 
bolding  to  aeasureaent  at  other  temperatures  ccaprises:  with  470°K  - 
20  ain,  57 0-670°K  - 10  xin,  770-870®h  - 5- H air,  970-1070®K  - 5 ain. 

The  deteraina tion  cf  the  acduJi  of  elasticity  at  rooa 
teaperature  carries  out  in  10  speciaen/saa p les.  Here  obtained  the 
following  average  values  of  elasticity  cna tacteristics:  for  glass  - 
E=09  GN/a* , G=36.3  GN/a*,  m =0.2;  for  Pyroceraa  - E=  10 1 GH/a*,  G*42 
GN/a*,  *i=0.2. 


1 
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Fig.  72.  The  temperature  dependence  or  Young's  aodulus  of  Pyroceram 

(1 ) and  of  glass  ( 2)  . 

X.f  <■')  £>  Lv/rvi ,i- 


Fig.  73.  Temperature  dependence  of  mouulus  cf  shear  of  Pyroceram  (1) 
and  of  glass  (2). 

Fage  106. 

Deviations  of  the  separate  values  of  E and  G from  average  values 
compose  4~8o/o,  which  apparently*  is  connected  with  the  great  effect 
cf  thermal  history  on  the  structure  of  glass  and  especially 
Pyroceram. 
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The  values  of  elastic  constants  ducing  heating  were  measured  up 
to  teaperature  of  870°K  for  glass  and  by  1070°R  for  Pyroceram.  At  the 
higher  teaperatures  of  measurement,  we  cannot  he  carried  out,  in  view 
cf  strong  oscillation  daiping.  The  results  cf  acasur eaents,  carried 
cut  in  two  speciaen/saaples  of  each  material,  are  given  to  Pig.  72 
and  73.  As  is  evident,  toth  of  aodule/aoduli  with  an  increase  in  the 
teaperature  change  insignificantly  - approximately  by  5o/o  in  the 
teaperature  range  being  investigated. 

<1.  Metal-glass  materials. 

Together  with  the  development  or  new  vitrec-crystalline 
aaterials,  are  conducted  co r.si derat le  worts  cn  the  creation  of 
metal-glass  materials.  Such  aaterials  have  high  corrosion  resistance, 
since  in  then  the  open  pores  are  filled  by  the  glass,  which 
eliminates  the  access  of  aggressive  reagents  into  the  depth  of 
material,  and  also  good  wear  resistance,  sicce  there  is  a combination 
cf  soft  aetallic  aatrix/die  with  sclid  glass  connection/inclusions. 

Dork  [6]  gives  the  results  of  tne  investigations  of  strength  for 
breakage  and  bend,  and  alsc  the  iapact  toughness  of  the  sintered 
ferro-glass  aaterials  with  the  content  of  glass  0.5;  1;  3;  5;  7 and 
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12  ias.0/0 . The  authocs  [6]  arrived  at  the  ccnclusion  that  the 
strength  of  metal-glass  materials  is  determined  by  the  strength  of 
■etal  fraae.  The  glass,  introduced  into  charge,  virtually  without 
strengthening  material,  contributes  to  the  development  of  the 
processes  of  the  shrinkage  cf  metal  frame  and  thereby  to  an  increase 
in  the  mechanical  properties  of  metal-glass  materials.  However,  it 
should  be  noted  that  by  these  authors  were  investigated  such 
mechanical  properties  whose  decisive  importance  has  plasticity  of 
material,  determined  first  cf  all  ty  metal  frame.  In  connection  with 
this  it  is  interesting  tc  explain  a guesticn  concerning  the  effect  of 
the  content  of  glass  on  elasticity  characteristics  of  metal-glass 
material,  whose  effect  ty  brittle  compouent  can  be  considerable. 

Me  will  study  the  effect  of  the  content  of  glass  on  elasticity 
characteristics  of  ferrc-glass  materials  with  the  content  of  glass 
from  30  to  12  mas. o/o.  Specimen/sa mples  are  manufactured  in  the 
institute  of  the  problems  of  the  science  of  materials  of  the  AS  USSR 
from  materials  on  the  basis  of  the  restored/reduced  iron  powder 
PZh-2fl  (GOST  [ All-union  State  Standard]  98<j9-61),  containing  0;  3; 

5;  12  mas.  c/o  of  glass  cf  brand  VVS.  Powdered  glass  is  obtained  by 
the  grinding  of  glass-ccmbat  in  ball  mill. 
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During  the  manufacture  cf  the  charge  of  coaponent,  accurately  they 
weigh  and  thoroughly  they  lix,  and  into  aixtere  are  introduced 
C. 5-1.0  nas.o/o  of  Machine  oil.  Specimen/s aaples  are  pressed  on  a 
63-ton  hydraulic  press  in  rate  30  aa/nm  and  are  sintered  in  furnace 
G-30  in  dried  through  silica  gel  hydrogen  during  2 h.  The  sintered 
blanks  are  worked  on  the  wachine  tcols.  Beacy  s pecinen/saa pies  take 
the  fora  of  the  rods  with  a diameter  of  7-8  aa  and  with  a length  of 
9Q  an. 


The  aeasureaent  of  Youcg's  aodurus  and  displacement  is  produced 
in  the  resonance  frequencies  of  the  transverse  and  tersioaal 
oscillations  of  speciaet/sanple  with  setting  up  DP-4.  Elastic  nodulus 
and  shear  aodulus  was  determined  in  two-three  s peciaen/saa pies  of  one 
coaposition  rcca  temperature.  Aeasureaent  data  of 

elasticity  characteristics  cf  the  s peciuen/saaples  of  different 
ccapositions  are  given  to  Fig.  74. 

Speciaen/saaples  aade  cf  pure  iron  (porosity  7.5o/o)  had  an 
elastic  aodulus  162-183  GH/a2,  and  aodulus  cf  shear  65.5  GH/a2,  which 
corresponds  to  those  giien  in  [3]  cn  this  Material,  with  an  increase 
in  the  content  of  glass  cf  the  value  of  Youcg's  aodulus  and 
displacement,  they  are  decreased  in  speciaec/saaples  with  the  content 
cf  glass  12  nas.o/o  1*116  Gl/a*  and  G*45  GH/a*.  This  testifies  to 
the  considerable  effect  of  glass  or  elasticity  characteristics  of 
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ferro-glass  Materials,  since  glass  - material  with  the  loe  Modulus  of 
elasticity . 


It  is  interesting  to  determine  also  the  effect  of  an  increase  in 
the  tenperature  on  elasticity  characteristics  of  ferro-glass 
materials,  since  the  components  of  tnese  Materials  in  different  ways 
change  their  elasticity  characteristics  during  heating.  The  Moduli  of 
elasticity  of  iron  considerably  are  decreased  with  tenperature,  and 
glass  reaain  alnost  without  change. 


1 

1 
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fig.  74.  Dependence  of  fount's  nodulus  and  icdulus  of  shear  of 
fecco- glas  s aaterials  on  the  content  u thee  of  glass. 


Key:  (1).  <-*'>  (/•*—** 


Fig.  75.  Tenpereture  dependences  of  Iouug#s  icdelus  of  ferro-glass 
■aterials: 


- r.  j - ren  adum.l  - F«*tt 


Key:  (1).  E,  GN/m  . (2) 


glass . 
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The  measurements  of  the  aoduli  of  elasticity  of  ferro-glass  Materials 
in  the  range  of  tenperatures  fron  room  to  S70°K  are  conducted  with 
setting  up  UP-6.  The  obtained  taaperatura  dependences  of  the  elastic 
tcdulus  are  represented  in  Fig.  75. 


An  increase  in  the  content  of  glass  has  sufficiently  essential 
effect  on  a change  in  Yeung's  icdulus  with  a change  in  the 
teaperature.  So,  if  in  jure  iron  Yeung's  modulus  in  the  teaperature 
range  indicated  is  decreased  by  47  Gh/m2,  tten  in  the  ferro-glass 
Material  with  a content  cf  12  aas.c/u  of  glass  loung's  modulus  is 
decreased  by  19.6  GN/a2.  The  obtaineu  teaperature  dependences  of 
shear  ao'*  * are  reprerented  in  Pig.  7b,  fica  *hich  it  is  evident 
that  glar  effect  also  cn  the  temperature  dependence  of  shear 

aodulus,  bui.  s effect  is  less  cc nsiderafc ly. 


tjH/H1 


Fig.  76.  The  temperature 
dependences  of  the  modulus  of  shear 
of  ferro-glass  materials:  1 - Fe ; 

2 - Fe  + 7%  glass;  3 - Fe  + 12% 
glass.  y 

Key:  (1).  jJH/m2. 
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